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EXECUTIVE SUMMARY 

This Past Remedy Report for Indvldual Hazardous Substance Site (IHSS) 199 was prepared in 
m 

response to requvements m the Interagency Agreement (IAG) The IAG idenhfies the followmg 

pmary  obpcaves for the Past Remedy Report 

1 Detad the hstory of the IHSS 199 remedy ordered by the U S Distnct Court, 

2 &tad the achvlhes conducted to date to mplement the remedy, 

3 Detd the effecnveness of the remedy, and 

4 Rovlde a health assessment whch idenflies the pubhc health nsk associated wth 
potenhd exposure of the pubhc pnor to complehng any site remdaaon, dunng 
lmplementahon of the remedy, and after complehon of the remedy 

The exlstmg data for MSS 199 were collected for the purpose of site charactenzanon rather than 

to support a ngorous quanntahve health nsk assessment. After evaluahng the exlShng data 

agamst U S  Envronmental Protecnon Agency (EPA) guidance for data useability in nsk 

assessments, it became apparent that the data do not meet current quality control standards 

necessary to support a quanhtahve nsk assessment. As a result, this Past Remedy Report 

mcludes a qUahtahVe human health nsk assessment whch evaluates release mechamsms, 

transport mechamsms, and exposure routes associated wth MSS 199 In ackbnon, a "genenc" 

nsk assessment calculaaon is mcluded whch shows the steps and the many assumpnons 

underlymg a quanhtahve nsk assessment, and whch generates nsk values based upon 

hypothehcal plutonium concentrahons m sod under vanous exposure scenanos Thls calculanon 

is useful m helpmg to deterrmne whether known contamtnahon at MSS 199 poses an lmrmnent 

health nsk to the pubhc The genenc recreanonal hfehme excess cancer calculanons of 7x10' 

to 7x10 is below the EPA target range of 10-4 to 10 The followmg dscussions provide a bnef 

summary of the IIIfOrmahOn provlded m this report m support of the objechves hsted above 

M S S  199 is one of four IHSSs m Rocky Flats Plant (RFP) Operable Umt No 3 (OU 3) OU 3 

dlffers from other RFP OUs m that it targets possible contammanon outside the RFP boundary 

MSS 199, COntarmnahOn of the Land's Surface, specfically targets off-site soil contarmnanon 

as a result of RFP releases Numerous studles have attempted to define the presence and extent 
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of such contammahon, and to idenhfy pmspechve on-site source(s) of contammants These 
studes have focused almost exclusively on auborne emssions of plutomum from the RFP, and 

pamcularly upon three possible RFP sources 1) a September, 1957 fire m Bulldmg 771, 2) a 

May, 1969 fire m Buddmg 776, and, 3) plutonium-contammated sods at and around the 903 Pad, 
a former drum storage area east of the RFP mam producoon area These studles have concluded 

that the great majonty of off-site sod plutonium contarmnahon ongmated as wdborne 

pmculates from the 903 Pad. The 903 Pad was capped wth asphalt m November 1969, 

effecavely e h a a n g  it as a due!ct source of contarmnaoon to MSS 199 It is possible that on- 

site soils contammated by the 903 Pad could m turn generate wmdbome parhculates which mght 

affect IHSS 199, as could any future non-routme emssion from the RFP, includmg those 

generated by sod remdahon and slrmlar aChvlheS at on-site RFP OUs Avsulable data from off- 

site au momtomg stahons suggest that IHSS 199 has not been measurably unpacted by 

plutomum ermssions from the RFP smce the off-site au momtomg system was estabhshed m 

1975 The a r  momtmg data are corroborated by on-site and off-site soil monitomg data. 

e 

Included w h  IHSS 199 are approxmately 350 acres (142 hectares) of land whch were the 

subject of a 1975 lawsuit filed by landowners agmst the Umted States and other defendants 

A Settlement Agreement finahzed 111 July, 1985 requved the RFP to undertake remdal  acoons 

(remedy) on those pomons of the land conwing plutomum at concentraoons exceedmg a 

Colorado Department of Health (CDH) special constructlon reqmments plutomum m sod 

standard (0 9 picocunes per gram [pwg]) adopted by the court. The remedy mvolves hllmg the 

contammated areas to reduce plutomum concentrahons, and revegetatmg these areas to control 

wmd and water erosion of the sod To date, appmmte ly  110 acres (45 hectares) have been 

tded and parhally revegetated, W e  plutomum concentrahons m these areas have been reduced 

by W g  to below the CDH standard, the success of the revegetaoon to date has been h t e d  

by the followmg factors 

a 

msufficient amounts and poor seasonal dmnbuoon of precipitahon 
extremely rocky surfaces or clayey sods 
mtense CompetItIOn from weeds, whch prowde insufficient sod stabihzahon 
an expandmg p m e  dog populatlon 
the effects of slope and aspect on sod water 
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Specific acaons to increase revegetaaon success have been idenufied, and include acuons to 
change the seed m x m  and control p m e  dog and weed populauons 0 
Because past stucbes and data collecaon acawaes at MSS 199 have focused almost exclusively 

on plutomum contarmnauon, httle is known about other possible contarmnants there As a result, 
the qualitaave nsk assessment focuses on plutomum as the contarmnant of concern at MSS 199 

AE samples collected Mmdately downwmd of the remedy acreage dmng remedy acuwaes and 
at ax  m o m t m g  stanons m populaaon centers downwmd of the MSS 199 remedy acreage have 

recorded no mcreases m anborne plutomum dunng or after the remedy acuons taken to date, 
suggesang that there has been no measurable mpact to human receptors downwmd of the site 
as a result of the remedy Without acceptable data, however, it is not possible to fully 
Mferenaate between the potential nsk to human health pnor to remedy unplementaQon, dunng 

mplementaaon, or after mplementaaon It is also uncermn wthout a quanutame assessment 
whether the remedy unplementaaon acuwues will in fact reduce the potenaal nsk 

The mformaaon presented m this report pomts to the followmg conclusions about MSS 199 

There does not appear to be any Mrmnent human health hazard posed by MSS 199 
Thls conclusion is pre-ary because of data quahty hmtaaons 

Plutomum concentraaons measured m some MSS 199 soils dunng past stucbes and 
data COlleChOn acawaes exceed the CDH plutomum standard used by the U S  
Distnct Court as the lawsuit acreage remedy acbon level The data that support this 
conclusion, however, cannot be validated and may not be of comparable quality, and 
are therefore considered mconclusive 1 

Remedud acaons mplemented to date on 120 acres of Jefferson County remedy 
acreage have successfully reduced plutomum concentraaons m sod to below the 0 9 
pCdg (003 Bq/g) acaon level mandated by the lawsuit Settlement Agreement 
Attempts to restabhe the remedated acreage through revegetaaon have been only 
50% successful due to msuffkient preclpitahon, extremely rocky surfaces and/or 
clayey sods, mtense compeaaon from weeds, an expandmg p m e  dog populauon, 
and the effects of slope on sod moisture Specfic acaons to mprove the 
revegetaaon effort mclude weed control, p m e  dog suppression, and changes to the 
revegetaaon seed rmxm speclfied in the Settlement Agreement 

Mulaple plutomum exposure pathways from MSS 199 were analyzed The pathway 
analysis suggests that the surborne dust mhalaaon pathway is the most siflcant in 
terms of human health nsk under current site concbuons Under a future residenual 
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use scenano, the sod ingesnon pathway may also be significant Although other 
exposure pathways are not considered signlficant under this analysis, all pathways 
wdl be addressed under scheduled RCRA Facdity Invesnganon/Remedlal 
hVeShgahOn (RFT/RI) acavlnes at MSS 199 

Although the actual receptor exposures could be expected to vary, the completed 
exposure pathways are the same for pre-remedy, remedy Implementanon, and post- 
remedy condmons at IHSS 199 If the remedy is successfully Implemented, 
however, the concentranon of plutonmm avadable for transport as &me dust wdl 
be reduced through m g ,  and the probabhty of occurrence for the rurborne dust 
pathway wdl be reduced through revegetanon 

The control measures used to reduce off-site Impacts dmng remedy Implementahon 
at MSS 199 appear to have been effectwe Avdable data from ax  samplers set up 
Mm&ately downwmd of the remedy acreage d m g  remedy implementanon and 
rur momtonng stanons m populated areas downwmd of the acreage show no 
mcreases in rurborne plutonium dunng or after remedd acnons taken to date 

Addmonal data collecnon actwnes wll be conducted dunng scheduled RFVRI achvlnes Ruk 

assessment and site charactenzahon needs wdl be mtegrated to ensure that all potend  site 

contamtnants and exposure pathways are idenhfied and charactenzed to the extent necessary to 

perfonn a quanhtanve human health nsk assessment 
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LIST OF DEFINITIONS 

Completed Exposure Pathway' The route a chemcal or mbonuclide takes from a source to an 
exposed organum A completed exposure pathway descnbes a umque mechamsm by whch an 
mdmdual or populauon is exposed to a chemcal or rdonuchde ongmatmg from the site Each 
completed exposure pathway mcludes a source, a transport m d a ,  a mode of uptake, and a 
receptor 

Cune A cune (0) is a umt of rad~oacuwty equal to 2 2 2 ~ 1 0 ' ~  nuboacave chsintegraaons per 
m l n U t e  

Detecaon Lmt' The lowest value that can be rehably detected above the background noise of 
a gwen analyhcal mstcument or method. 

Health Assessment The assessment of chemcal or rdologuxl releases from a site and the 
analysis of pubhc health threats resultmg from those releases 

Plcocune A umt of rad~oacuwty A picocune (pCi) is one one-bdhonth of a Ci, or 10 l2 Ci, 
and is equal to 2 22 radIOaChVe dlsmtegraaons per m u t e  

Qualltauve h s k  Assessment 
analymg both exposure and dose response data m a non-numencal manner 

Quanotauve h s k  Assessment Based on completed exposure pathways, probabhues that an 
mdmdual wdl develop cancer over a hfetune of exposure are e s m t e d  from projected makes 
and chemcwonuchde-speclfic dose response mformauon 

An e s m t e  of the hkehhood of an adverse health effect by 

Ruk A umtless probabhty of an mdlwdual bemg affected by an event. 

Ruk Coefficient For the purposes of thls document, a utless probabihty of an mdwdual 
developmg cancer from a chrotllc M y  mtake of plutomum averaged over seventy years 

Dehuons from the EPA h s k  Assessment Gmdance for Superfund (EPA, 1986b) 1 
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1.0 INTRODUCTION 

Thls Past Remedy Report presents a summary of the hstory of the MSS 199 remedy ordered by 

the U S I)lstnct Court, an evaluaaon of the effecbveness of the remedy acaons unplemented to 

date, and a p r e b a r y  human health nsk assessment for IHSS 199, Contarmnaaon of the Land’s 
Surface, of RFP OU 3 (Off-Site Releases) The RFP is owned by the U S Department of Energy 
(DOE) and contractor-operated by EGBLG Rocky Hats, Inc (EGBLG) as a nuclear weapons 
research, development, and producaon complex The RFP is situated on 6,550 acres (2,653 
hectares) of federal property 16 d e s  (25 7 lulometers b]) northwest of downtown Denver, 

Colorado (Figure 1-1) OU 3 is w q u e  among RFP operable mts in that it is located outside 

the RFP boundanes 

As presently defmed, MSS 199 mcludes all sods outside of the RFP boundary whch are 

contarmnated by releases from the RFP Past attempts to defme the presence and extent of off- 
site sod contammanon have focused almost exclusively on auborne plutonium emssions from 

the RFP Included wthin IHSS 199 are 

approximately 350 acres (142 hectares) of land whlch were the subject of a 1975 lawsuit filed 

in U S Dismct Court (Ciml Acaon No 75-M-1162) by the land owners aganst the Umted States 

and other defendants (hereafter referred to as the lawsmt), allegmg conmnaaon of the land 
surface by releases from the RFP dunng its operamg hlstory Several t echca l  invesagations 
and studles of the lawsuit acreage were conducted by the vanous paraes to the lawsuit to promde 

suppomng emdence in the case A Settlement Agreement finahzed m July, 1985 (the Settlement 

Agreement) (U S Dismct Court, 1985a) reqmd that the RFP undertake r e m d a l  acaon on those 

pomons of the land (hereafter referred to as the remedy acreage) contruIllng plutomum at 

concentrations exceedmg an acaon level adopted by the court from a CDH special constructlon 

standard for plutomum in sod Two conaguous tracts of land, which currently are owned by the 

City of Broomfield and Jefferson County, were targeted for remdaaon based upon the CDH 

Standad. 

This topic is addressed m deml in Sechon 2 12 

OU 3 also mcludes three nearby reservors, designated MSSs 200,201, and 202, whlch are the 

subject of a separate report (DOE, 1990) e 
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1 1 PURPOSE AND OBJECTIVES 
The purpose and objecaves of thu report are denved pnmanly from the IAG between the CDH, 
the EPA, and the DOE (EPA et al , 1991) The IAG requvements for the Past Remedy Report 

are as follows 

0 

I' Submt a report detahg the hstory of the remedy ordered by the US 
Dstnct Court pursuant to the land owner's sult settled on July 10,1985, the 
mplementaaon of the remedy, and the effectlveness of the remedy Within 
h s  report mclude a health assessment identlfylng the pubhc health nsk 
associated wth potenaal exposure to the pubhc pnor to compleang any site 
remdaQon, dung mplementaaon of the remedy, and after compleaon of 
the Settlement Agreement mposed remedy Thu report must detd the 
effecaveness of the remedy and the nsks associated wlth a no-acnon 
altemaave as well as demhg the nsks associated with plausible exposure 
dunng Implementahon of the remedy and after compleaon of the remedy 'I 

Secaon VII D of the IAG Statement of Work detruls the components of the health nsk assessment 

r e q d  m the above passage These components are the basis of a ngorous, quanatative 

assessment of the human health nsks associated wth contammation at a site, and it is the mtent 

of the IAG that they be apphed to MSS 199 to assess pubhc health nsk pnor to remedy 

mplementahon, dmng remedy Mp1ementahOn, and after compleaon of the remedy C X ' m C d  to 

the pexformance of such a nsk assessment are the quahty and specficity of the data used to 

support the assessment The EPA "Gudance for Data Useabllrty m k s k  Assessment" document 

(EPA, 199oa) estabhshes p d e h e s  for the m u m  level of data quallty control r e q u d  to 

perform a defensible, quanhtative nsk assessment. Vuhlally all of the avdable data for 

MSS 199 have been collected for the purpose of site charactenzaaon rather than nsk assessment 

W e  these data are well smted for site charactenzauon, a detsuled evaluaaon agamst EPA 

useability mtena (Appendut A) mdcates that exlSMg MSS 199 data do not meet current quallty 

control standards to support a quanotaave nsk assessment This report therefore provldes a 

qualitatwe nsk assessment m whch human health nsk is defmed m relatwe terms rather than 

calculated nsk values Also mcluded is a "genenc" nsk assessment calculaaon whch shows the 

steps and the many assumpaons underlymg a quanatative nsk assessment, and whch generates 

nsk values based upon hypotheacal plutomum concentraaons m sod under vanous exposure 

scenarios (Appenduc C)  ' h s  calculaaon is useful m helpmg to determme whether known 

conmnahon at IHSS 199 poses an unrmnent health nsk to the pubhc Addmonal data needed 

@ 

I) 
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to support a quantltatlve nsk assessment for M S S  199 are i&nMied in SeChOn 4 14, these data 

d l  be collected under scheduled RF'I/RI achvltles at the site e 
The followmg specfic objecnves for ths report are based upon the IAG requrrements for the Past 

Remedy Report and the precedmg &scussion on data useabhty 

Descnbe MSS 199 site physical charactensncs 

Provide a hstoncal summary of hngahon, enwonmental mvesaganons, and 
remdal acnwties at the MSS 199 lawsuit acreage 

Evaluate the efficacy of remedal acnon conducted to date rn accomphshing the 
mtended goals of the remedy 

Formulate a conceptual model for contarmnant fate and transport from M S S  199 

Provlde a p r e h a r y  health nsk assessment for the IHSS 199 remedy acreage 
whch considers three scenarios 

- No acbon 
- Implementation of the remedy 
- Postremedy 

Identify addmonal data needed to support a quanhtatlve nsk assessment for 
MSS 199 

1 2  REGULATORY BACKGROUND 
The IAG groups the IHSSs at the RFP mto 16 Operable Umts (OUs), one of whch is OU 3 

The OU numbenng system reflects the relatlve order of pnonty for the OUs OU 3 formerly was 

designated Operable Umt No 10 The present RFP OU system has emerged from IAG 

negotlatlon and pubhc comment, whch  have 111mased the number of OUs from ten to slxteen 

and changed thev relanve order of pnonty 

The pnmary source for the scope of work for investlganon and remdanon of RFP OUs is the 

IAG, which specdies a phased approach adored to the pmcular requmments of the RFP As 
stated m Paragraph 256 of the IAG, all response acnwhes by the DOE under the IAG are to be 

performed 111 accordance wth the requirements of all apphcable federal and state laws and 

regulanons " These mclude the apphcable reqmments of the Comprehensive Enwonmental 0 
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Response, Compensaaon, and Liabhty Act (CERCLA), the Naaonal Conangency Plan (NCP), 

the Resource Conservahon and Recovery Act (RCRA), the Colorado Hazardous Waste Act 

(CHWA), and perhnent EPA pdance documents Invesogaoon of the RFP OUs is scoped in 

the IAG per EPA RCRA and CERCLA pdance, whch spec@ collecaon of data under an 

RFVRI to support a site charactenzaaon, a health nsk assessment, and an enwonmental 

evaluation In the Past Remedy Report, however, the IAG specfies the use of exisang site data 

to perform a health nsk assessment and does not reqm an enwonmental evaluaaon 

hparahon of the Past Remedy Report is an addmonal IAG requrement that falls outside the 

scope of RCRA and CERCLA pdance 

Under the terms of the 1985 Settlement Agreement wth landowners, a 250-acre (101 hectare) 

tract of land was transfemd to Jefferson County for use m its Open Space program, and 100 

adjomng acres (41 hectares) were allotted to the city of Broomfield for future expansion of 

Great Western Reservor These lands were deeded with the understandmg that the RFP would 

mplement remedud acovmes on these 350 acres (142 hectares) as specified in the Settlement 

Agreement, at the request of the owners The acaon level for the remedy was based upon the 

CDH special constructlon requirements standard for plutomum m sod of 0 9  pCdg, or 003 
becquerels per gram (Bq/g) (CDHJ976) l b s  standard 1s somewhat more smngent than the EPA 

screerung level pdance of 2 x l d  pCi (667xld Bq) of t r a n s m c  rdonuchdes per square 

meter of sod surface area, whch translates to a calculated total t r a n s m c  concentraoon rn sod 

m the range of 8 to 20 pWg (EPA, 1990b) It is stated m the Settlement Agreement that 

adopaon of the CDH standard is not meant to mply concurrence between the lawsmt parhes on 

the reasonableness, appropnateness, or apphcabdq of the standard as an acoon level for the 

remedy ( U S  Dlsmct Court, 1985a) Jefferson County requested rn 1986 that remedlaaon 

commence on the pomons of ther acreage targeted for =mehaon To date, the remedy has 

been mplemented on 110 of the 250 acres of Jefferson County land. Rather than allow 

-date use of the acreage as Open Space, the county has chosen to not allow pubhc access 

to thls land untd the remedIahOn is completed To date, Broomfield has not requested that the 

RFP begm remdahon on ther affected acreage, and has not proceeded wth plans to expand 

Great Western Reservov Broomfield does not allow pubhc access to h s  land 

@ 
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1 3 REPORT ORGANIZATION 

The r e m d e r  of this report is orgmzed mto the fouowng secuons 0 
Secuon 2 0 prowdes a &scussion of site charactensucs, site hlstory, a descnpuon 
of the remdal acuons performed to date, and a &scussion on the effecaveness 
of the remedy 

Secuon 3 0  prowdes a desmpaon of the site conceptual model used in the 
prehmmary human health nsk assessment 

Secuon 4 0  prowdes a prehrmnary human health nsk assessment, includmg 
idenaficaaon of data needed to conduct a quanntauve human health nsk 
assessment 

Secuon 5 0 provides conclusions and recommendauons 

Sechon 6 0 prowdes references 

Appendut A prowdes an evaluauon of exlstmg MSS 199 data useabLty for nsk 
assessment agamst EPA mtena 

Appendut B prowdes general guidehes for development of a nsk assessment 

Appendu C prowdes a "genenc" nsk assessment calculauon for IHSS 199 

Appendu D prowdes selected MSS 199 data source documents 
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2.0 SlTE BACKGROUND AND DESCRIPTION 

The RFP fabncates metal components for nuclear weapons from plutonium, urmum, berylhum 
a 

and sttunless steel Addmonal producaon acavlaes mclude chemcal recovery and p d i c a a o n  
of recyclable transuranic radlonuclrdes, metal fabncauon and assembly, and related control 
funcaons Support acovlues mclude research and development m metallurgy, machmng, 

nondestructwe tesmg, COaMgs, Emote e n p e e m g ,  chemstry and physics These operaoons 

generate nonhazardous, hazardous, doactwe and rmxed r ~ o a c t l v e  waste streams (DOE, 1987) 

The 385 acre (156 hectare) mam producaon area of the RFP, w l h  the controlled area, is 
surrounded by a 6,150 acre (2,491 hectare) buffer zone whch delineates the RFP boundary 

(Figure 1-11 

2 1 LOCATION AND PHYSICAL DESCRIPTION 

The RFP is located m the northwest pomon of Townshp 2 South, Range 70 West, Jefferson 

County, Colorado (Figure 2-1) IHSS 199 encompasses a l l  lands outside the RFP boundary 

which are contammated by releases from the RFP, mcludmg the remedy acreage The MSS 199 

boundary, therefore, is delmeated by the extent of off-site contarmnaaon, which has not been 
conclusively defined Prevlous work whch has attempted to d e t e m e  this extent is dettuled in 
Secaon 2 1 2  

a 

The MSS 199 remedy acreage is located on two conaguous tracts of land totalhg 350 acres 
(142 hectares) m the southern half of Secaon 7 and the western half of Secaon 18, Townshp 2 

South, Range 69 West (T2S, R69W) Both areas are just outside the eastern boundary of the 

RFP, approximately 1 5 d e s  (2 4 km) east of the mam producaon area of the plant (Figure 2-1) 

Both are generally downwmd and downgradent of the RFP 

2 1 1 RFP Contarmnaoon Sources 

Krey and Hardy (Appenh D, Document D-1) sought, among other goals, to i d e n ~ y  on-site 

sources of the plutonium found m off-site sods These mvesagators focused on four sources 

whch rmght conceivably have resulted m off-site contarmnaaon 1) a September 11, 1957 fire 
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in Buildmg 771 @ow, 1973), 2) a May 11, 1969 fire m Buildmg 776 (USAEC, 1969, CCEI, 

1970), 3) leakmg drums of plutomum-contammated lathe coolant at the 903 Pad, a drum storage 

area m the southeastem part of the RFP mam producaon area, and, 4) chromc low-level stack 

effluent Based on the particle size of the contammated sod fraChOn, meteorologd data, and 
RFP momtorrng records, the Krey and Hardy mvesagaaon concluded that the great majority of 

the plutomum at MSS 199 cmgrnated as wndbome paraculates from the 903 Pad, and largely 

&smssed the contnbuhons of the 1957 and 1969 fires and chromc stack ermssions 

Contammaaon at the 903 Pad resulted from %-gallon drums of plutomum-contamnated lathe 

coolant whch corroded and leaked over a 10-year penod starang in 1958 The 903 Pad was 

capped wth asphalt in November, 1969, effechvely e h a M g  it as a duect source of 

contamtnanon to M S S  199 Numerous other mvesagaaons focusmg on plutomum m off-site 

sods since the Krey and Hardy study have remforced the conclusion that the 903 Pad was the 

pnmary source of off-site sod plutomum contammanon from the RFP (Appendut D, 

Documents D-2, D-3, D-4, D-5, and D-7) 

c 

It is possible that on-site sods contammated by the 903 Pad could m turn generate wmdbome 

paraculates whch mght mpact IHSS 199, as could any abnormal emssion from the RFP, 
mclubng those generated by sod remdaaon and slmrlar acavmes at on-site RFP OUs Results 

from off-site arr momtonng stanons (Appendut D, Document D-17) suggest that MSS 199 has 

not been measurably impacted by anborne emssions from the RFP smce the off-site a u  

momtonng system was estabhshed m 1975 It is expected that any future RFP emssion 

potenhdy unpacang MSS 199 wdl also unpact on-site sods and ambient an, and that the 

contammanon wdl be detected through routme on-site a u  and soil momtonng (Secaon 2 1 3) 

a 

2 1 2  MSS 199 Contarmnahon 

In an attempt to deheate off-site plutomum contammaaon around the RFP, Krey and Hardy 

(Appendm D, Document D-1) estabhshedcontours, m mdhcunes per square lulometer (mCdkm2), 

for plutomum m sod around the RFP, based upon analyacal results from 33 sod samples 

collected h m  locanons up to 40 d e s  (64 km) from the plant (Figure 2-2) Dow (Appendu D, 
Document D-2) based s d a r  contours (Figure 2-3) on results from 135 sod samples Dow’s 

1972 Rocky Flats Annual Enmnmental Momtonng Report mcluded sod plutomum contours, e 
RFPaprl99 r 9 OS1791 







I .I 



m rmcrwunes per square meter (uCdm2), based on over 300 sod samples (Figure 2-4) The 
drfferences m the results of these studes help to dustrate the mherent drfficulty m drawmg 

conclusions about IHSS 199 contarmnaaon based upon exlshng data. Results, and hence 
conclusions, vary widely dependmg upon samphng methods, analpcal methods and uncemnty, 

defmaon of "background COnCentrahOnS, umts of measurement, and numerous other factors 
Most of the data collected smce 1972 have focused specifically on charactenmg the lawsuit 
acreage rather than definmg MSS 199 as a whole (see Appendlx D, Documents D-4, D-7, D-8, 

D-9, D-10, and D-1 1) 

In short, the extent of off-site sod contarmnahon as a result of RFP releases, whch wll deheate 

the boundanes of IHSS 199, has not been conclusively defmed Stuhes conducted to date, 

however, do pomt to the followmg dehtah0nS 

MSS 199 is most hkely m t e d  to axeas downwmd of the W, namely to the 
northeast, east, and southeast of the plant 

The 350 acres of lawsmt acreage targeted for remdahon were shown to have the 
highest concentrahons of plutonium m sod of all lawsuit acreage, whch adjorned 
most of the eastern and southern boundanes of the RFP (Appendut D, 
Document D-7) "Hot spots" may occur whch were not detected through lawsuit 
acreage samphg, however, because other MSS 199 lands downwmd of the RFP 
are further from the plant than the remedy acreage, it is expected that these lands 
contam lower ConcentraQons of plutomum than the remedy acreage 

99 percent of the total ecosystem plutomum mventory was contamed m the top 
8 3 mches (m), or 21 centmeters (cm), of plutomum-contarmnated sods, one-half 
of the total plutomum was m the top 1 2  m (30 cm) (Appendm D, 
Document D- 1) 

The most hkely pathways of plutomm mgraQon from IHSS 199 are vmd and 
water erosion of surface soil (SCS, 1985) 

Very llrmted data exlst for contarmnants other than plutomum whch could affect off-site sods 

as a result of RFP releases In 1976 and 1977, the RFP tested lawsmt acreage sods for isotopes 

of amencium, cesium, thmum, nepmum, cenum, d u m ,  and potassium in addIhOn to 

plutomum The samplrng program also rncluded five sites remote from the RFP m order to 

d e t e m e  representahve background concentrahons (Appendut D, Documents D-4 and D-7) The 
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Rockwell Internaaonal Disclosure to the City of Broomfield followng the lawsuit (Appenh D, 
Document D-8) based the followmg conclusion on the results of the 1976-1977 samphng 0 

'I Analysis of 25 sod samples from planaffs' lands and samples from each of 
the five background locaaons used m the tesang program show that wth 
respect to mbonuchdes other than plutomum and amencium, the levels of 
these mbonuchdes on plmaffs' lands are consistent wth background 
levels " 

As mdlcated 111 h s  passage, amencium-241, a daughter product of plutomum-241 decay, was 

detected m MSS 199 sods above the background concentraaons recorded at the five remote 
samphg locaaons However, neither Document D-8 nor Document D-7, which also refers to 
amencium data from the 1976-1977 samphg program, promde the analyocal results for 

amencium Poet and Martell (1972) measured amencium-241 and stronaum-90 concentraaons 

m sod samples collected m 1969 from several locaaons around the RFP Thls study calculated 

that amencium contnbuted 3-15 percent as much alpha acavlty as dld plutonium m the areas 

sampled, and estllllated that the amencium contnbuhon to alpha acavlty would eventually 

approach that of plutomum as decay of plutonium-241 mto amencium-241 progressed The RFP 

sod samphg program conducted by CDH (see Secaon 2 1 3 3 and Appendut D, Documents D-5 

and D-18) has pendcally mcluded analyses for cesium-137 and urmum 1989 samples were 

not analyzed for amencium-241, as mdlcated m Document D-18 (CDH, 1991) These lumted 

efforts represent the only known charactenzatlons of rAonuchdes other than plutonium at 

MSS 199 Possible contammants other than rdonuchdes present in MSS 199 sods as a result 

of RFP releases have not been charactenzed, wth the excepaon of berylhum measurements in 

1971 under the CDH sod momtonng program CDH concluded that berylhum concentraaons m 

the sod were consistent wth expected background levels (OH, 1991) 

@ 

Ongoing studes of RFP OU 2 wdl prowde more detsuled charactenzaoons of sod contarmnaaon 

between the 903 Pad and the RFP eastern boundary Studes are also underway to define 

background concentraaons m sod of potenaal RFP contarmnants, mcludmg "background" 

plutomum and amencium mulang from atmosphenc tesang of nuclear weapons The relevance 

of these background concentrahons to MSS 199 wdl be addressed 111 future RFI/lU aChWtm 

Cumulaave deposioons of plutomum due to nuclear tesang on ground surfaces m the United * 
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States range from 0001 to 0003 uWm2 (EPA, 1990b) Data on RFP climatology also are 

avadable (Secoon 2 1 4 4) It is beheved that g e o s t a ~ s t d  methods mcorporatmg these vanous 

data can be u t d d  d u n g  future RFI/R.I acuvmes at MSS 199 to help focus efforts to define 

the site boundary by selecting appropnate sample locaoons and samphg density 

2 1 3 RFP Enwonmental Momtonne; 

The RFP conducts routme rad~ologcal and non-ra&ologcal enwonmental monitonng of effluent 

ax, ambient ax, surface water, ground water, tap water, stream sedunents, and sod at locaoons 

on and m the wcinity of the RFP Results from these momtomg programs are published 
monthly andor annually m RFP enwonmental momtonng reports @ow et al ,1971-1989) The 

ambient ax, effluent ax, and sod monitonng programs are of pnmary importance to the detecuon 
of RFP emssions whch may unpact off-site sods Ambient ax and sod are also momtored by 
CDH in locahons around the RFP The followmg mformaoon about these programs is taken 
pnmanly from the monthly and annual enwonmental reports 

2 1 3 1 Ambient AK Monitonnq 

The RFT mruntsuns a network of COnMUOUSly operaong ambient ax samplers on and m the 
mcmty of the plant site These samplers trap mfluent pmculates on a filter element Spec& 

informahon reganbng sampler types and locahons, analyhcal protocols, and analyhcal results 
have been summand smce 1971 m the RFP annual envmnmental momtomg reports @ow et 

al , 197 1- 1989) There currently are 5 1 samplers in the ambient ax samphg network, of which 

23 are located on the €UT site (Figure 2-5), 14 are located along the RFP boundary (Figure 2-5), 
and 14 are located w h  nearby commumues (Figure 2-6) The RFP has conducted on-site 

ambient ax monitonng smce the plant opened m 1951 The ongnal network of low-volume 

(approximately two cubic feet per m u t e  [cfm]) ax samplen was upgraded m 1974-1975 to the 
hgh-volume (approxmately 25 c h )  samplers currently m use Off-site (communtty) samplers 

were added to the network at h s  tune 

Samphng and analflcal protocols have vaned throughout the hstory of the ambient au  

momtomg program Plutomum analysis of selected ambient ax samples began m 1975, pnor 

to this, on-site ambient ax samples were analyzed for total long-hved alpha r d a h o n  only 
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Under the current protocol, on-site samples are collected biweekly and analyzed for total long- 
lived alpha acavity If the results of thts analysis exceed the RFP guidehne of 0 11 pCdm3 
(0 0037 Bq/m3), plutonium analysis is performed As of December, 1990, the biweekly on-site 
samples rn composited mto a smgle monthly sample Samples from the RFP penmeter and from 
nearby commumnes are collected biweekly and composited mto a smgle monthly sample, whch 
is analyzed for plutomum. The CDH also mamtams off-site iur samplers for measmg 

plutomum concentraoon m ambient iur m the vlcmty of the RFP (CDH, 1970-date) 

@ 

Starhng m the early 1980s, the RFP conducted on-site momtonng for EPA cntena pollutants 

(total suspended pamculates, ozone, sulfur dloxlde, carbon monoxlde, mmgen dloxlde, and lead) 

u a u n g  a moblle ambient iur momtonng unit This mobile umt was replaced in md-1986 wth 
a permanent momtonng stanon located just mside the RFP east gate S m g  in 1989, thls 

program was scaled back to mclude total suspended pamculates and resplrable pamcle fracaon 

(those pamcles smaller than or equal to 10 mcrons m size) only 

In 1976, m e  ambient axr mmtormg stanons were mstalled by the RFP at and near the IHSS 199 

lawsuit acreage These staaons were operated from November, 1976 through July, 1978 
specifically to collect monthly a u b e  plutonium concentranon data for the lawsuit It was 

deterrmned m 1978 that data collected from the lawsuit-specific stations drd not sigmfkantly 

Mfer from nearby ambient iur momtomg program sampler data, and the lawsuit-speclfic StahOnS 
were therefore removed (Appenduc D, Document D-6) 

Alrbome plutomum CO~CentratlonS were momtmd by the RFP Mmdately downwind of the 

remedy acreage dunng court-ordered t d h g  to supplement data obwed from permanent staaons 
downwind of the acreage A tabulaaon of the 1987 remedy-speclfic monitomg data is included 

in Appendur D, Document D-12 A summary of average annual ambient axr plutomum 

COnCentratLOnS from selected momtonng staoons near the remedy acreage dunng the penod of 

remdal  acawty (1985-1988) is provlded m Appenduc D, Document D-17 The results of this 

momtonng m terms of human health nsk are drscussed in Secaon 4 0 
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2 1 3 2 Effluent Alr Monitonnp 

RFP effluent au has been momtored smce the RFP opened m 1951 Effluent au monitonng is 

addressed m &tad in RFP monthly and annual enwonmental momtonng reports @ow et d , 
1971-1989) and m the RFP Enwonmental Impact Statement (DOE, 1980) Continuous effluent 

au samplers are located m the venulauon exhaust systems of each producuon and research 

burldtng at the RFP As is the case wth the ambient au momtonng program, the samplmg and 

analyucal protocols for effluent au momtonng have vaned throughout the history of the RFP 
Plutomum analysis of selected effluent au samples began in 1975, pnor to h s ,  arborne effluents 

were analyzed for total long-hved alpha radrauon only Under current protocol, effluent au 

samples are analyzed at regular mtervals for total long-hved alpha ac~mty Indwidual samples 

from each exhaust system are composited monthly into area-speclfic samples, whch are analyzed 

for plutomum, amencium, umuum, and beryllium Exhaust streams known to potenually contam 
tnuum are also analyzed for tnuum concentrauon three tunes each week 

0 

2 1 3 3 Soil Monitonnq 

Begmmng m 1984, sod samples have been collected annually by the RFP to evaluate changes 

m sod plutomum concentrations The sod momtonng program is addressed m detad m the RFP 
annual enwonmental momtonng reports @ow et al , 1971-1989) Under current protocol, sods 

samples are collected once per year from 40 sites located on concentnc cmles one and two d e s  
(1 6 and 3 2 km) from the center of the RFP and are analyzed for plutomum A s i d a r  sod 

samphg program was conducted m 1977, wlth the U u o n  of 17 samples collected from 

locauons on a clrcle five d e s  (eight km) from the RFP center 

@ 

The CDH also monitors sod plutomum concentrauons m areas near the RFP (Appendtx D, 

Document D-18) Under h s  program, five subsamples are collected wthm each of 13 

predefined sectors near the RFP and composited mto a smgle sample, whch promdes an average 

sod plutomum concentrauon wthm the sector Sod samples also are collected from eight 

Colorado lacauons remote from the RFP m order to assess sod plutomum concentrauons due to 

world-wde atmosphenc fallout. The CDH sod samphg program was conducted annually 

between 1970-1978, and m 1980, 1981, 1986, and 1989 Results are pubhshed m RFP 
enwonmental swelllance reports prepared monthly by OH, (CDH, 1970-date) A summary 
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table of results between 1970-1986 is mcluded in Appenb  D, Document D-18 Several of the 

past samphg programs, mcludmg the 1989 program, have included analysis of selected 

rdonuchdes other than plutomum and of berylhum (CDH, 1991) 

2 14  Site Condmons 

The followmg secnons address the sods, hydrology, cba toogy,  and biota of MSS 199 as each 
pertam to potennal contarmnant fate and transport and to court-odered r emda l  acawnes at the 
site Because MSS 199 boundaries have not been conclusively defined, and because site 
condmons at the MSS 199 remedy acreage adjommg the RFP have been studed 111 d e d ,  the 

followmg descnpaons focus pnmanly upon the remedy acreage 

2 1 4 1  Sods 

A general descnpnon of the sods m the MSS 199 areas east and south of the RFP is prowded 
m the U S Department of Agnculture Sod Conservanon Servlce (SCS) Sod Survey of the Golden 

Area, Colorado (SCS, 1980) Accordmg to tius survey, so& m the area are charactensncally 

well W e d ,  clayey and loamy sods on hrgh terraces, hdl slopes, and fans The pnmary sod 
type in tius area is mapped by the SCS as Nunn-Denver complex, compnsed of approumately 
45 percent Nunn, 25 percent Denver, and 30 percent other sod types and Urban land Nunn and 

Denver sods are deep and well drmed, and form from clayey matenal denved predomnantly 
from mudstone and shale The surface layer is a clay loam The Nunn subsoil is a clay loam 
to a depth of 60 m (152 cm), whde the Denver subsod is clay to the same depth The SCS also 

notes that Pnmen and Leyden sod u t s  occur wthm the area on gravelly and cobbly h d  slopes 

Sod charactensncs m the IHSS 199 remedy acreage were considered by the SCS 111 prowdmg 

erosion control and revegetation recommendaaons for the remedy (SCS, 1985) The soils were 

charactenzed as Denver-Kutch-Mdway clay loams, estunated at 50 percent Denver, 30 percent 

Kutch, and 20 percent Mdway, wth Denver and Kutch sods on hdl slopes and Wdway sods on 
ndge crests Establishment and mamtenance of grasses and other vegetanon in the Denver- 

Kutch-Wdway soil complex are resmcted by the slope, the clay loam surface layer and clayey 

subsod, and, on the mdway sod, shallow depth to bedrock The complex is descnbed as 

generally unsmtable for cdnvatron due to the hgh nsk of erosion When attemptmg to vegetate 
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the soil, supplemental mgation at plantmg time and d m g  dry penods is recommended 

(SCS, 1980) a 
The SCS estmated annual sod loss rates due to water and wmd erosion for northeast-facing 
slopes at the remedy acreage under worst-case condraons (1 e bare sod) and under r emda l  
acawty condmons ( ie  f led,  wth  a cover crop) Total annual loss through water and wmd 

erosion may range from 93 to 143 tons per acre (209 to 321 metnc tons per hectare) under worst- 

case condraons This loss would be reduced to 13 to 22 tons per acre (29 to 49 memc tons per 

hectare) under remehaon wthout usmg protecave mulch between plowmg and establishment 
of a cover crop If such a mulch was used, the loss due to erosion is pre&cted to be 1 to 3 tons 
per acre per year (2 2 to 6 7 memc tons per hectare per year), due almost exclusively to water 

erosion Gullymg, whch mght mcrease the total loss m the worst-case scenano, was identlfied 

as a hkely problem If the land was not adequately protected d m g  remedal actmbes (SCS, 

1985) 

Revegetation of IHSS 199 remedy acreage has been hampered by abundant cobbles m the sod, 

whch were brought to the surface by t d h g  Surface accumulaaons of cobbles are estunated to 

cover some 30 percent of the 110 f l e d  acres, and m some areas cover nearly 90 percent of the 

surface (Appendm D, Documents D-15 and D-16) An mactive gravel pit is located 111 the 
northeastern comer of the Secaon 7 r e m d a l  acreage It can be mfemd from these observaaons 

that the rock fragment content of some porhons of the remedy acreage sod is appreciable, 
perhaps 15 - 20% or more by volume 

0 

2 14  2 Surface Water 

Surface water features 111 the vlcltllty of the RFP mclude dramages, &versions, and 

mpoundments (Figure 2-1) The clty of Broomfield remedy acreage m Secaon 7 abuts Great 

Western Reservo= to the north The Jefferson County remedy acreage m Section 18 surrounds 

Mower Reservor (IHSS 202) Mower Reservor is fed by a &version from Woman Creek, whch 

flows from the southern part of the RFP Outflow from Mower Reservon drscharges to the east, 

eventually entenng Church Dmh Woman Creek itself traverses the Southern end of the 

Jefferson County remedy acreage before drschargmg mto Standley Lake (MSS 201) e 
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Exlstmg slopes at and near the remedy acreage are 2 to 15 percent, generally to the east Slopes 
to the west also axe present (SCS, 1985) Topographc maps of the site mdcate that most of the 

remedy acreage drams mto two ephemeral channels whch flow southeast from the acreage mto 
Standley Lake (USGS, 1980) Porhons of the northernmost clty of Broomfield remedy acreage 
m Sectlon 7 dram north mto Great Western Reservou (IHSS 200) The southernmost Sectlon 

18 remedy acreage drams dvectly lnto Woman Creek 

The frequency and amount of surface runoff depend upon several factors, mcludng sod 

diltratlon capacity, surface vegetaQon, and slope The clay loam sods at MSS 199 are assumed 
to have relahvely low lnfiltratlon capacity due to clay content, except where fractures may have 

sigmficantly mcreased verhcal permeabhty Vegetatlon cover, addressed m more detiul in 

Sectlon 2 1 4 5, is somewhat sparse, consistmg mostly of natlve grasses and weeds Parts of the 
110 acres of remedy acreage hlled dunng 1986-1987 contarn adequate to marpa l  ground cover 

of peremal grasses and weeds Some surfaces of the remedy acreage are poorly vegetated due 

to prrune dog colomes and cobbles brought to the surface by t d h g  Apphcatlon of mulch on 
thls surface (see Sectlon 2 2 3 2) would reduce the hlcehhood of surface runoff Although 

revegetation of the remedy acreage has been lumted by these and other factors (see 

Sectlon 2 2 3 2), the area is not hghly erodible due to ground cover of peremal grasses, weeds, 

and surface rocks A site-wde study of the hydrology of the RFP detenruned that runoff in the 
Woman Creek basm averages only 1 4 percent of ramfall, mdcamg either a hgh infiltratlon rate 

for the sod or a hgh surface retentlon capacity Thls figure was based on records for long- 
duratlon, low-mtensity storms, runoff may be much hgher for a short-duratlon, high-intensity 

event (USGS, 1976) 

0 

2 1 4  3 Ground Water 

Currently, there no W c a t e d  ground water monitonng wells outside of the RFP eastern 

boundary Numerous pnvately-owned water wells, however, have been W e d  just east of the 
RFP Lmted  mfomxitlon was o b w e d  from d d h g  and f h g  records held by the Colorado 

Divlsion of Water Resources These records suggest that the thdcness of surficial deposits 

ranges from 15 to 50 ft (4 6 to 15 m) and averages approxmately 25 ft (7 6 m) near the remedy 

acreage Surficial deposits typically are dembed m the well records as clay, sandy clay, or clay e 
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wth gravel and boulders, locally capped by five or SIX feet of topsoil The underlying bedrock 
is descnbed m the well records as altemaang layers of shale and sandstone, which is assumed 
to be a very generahzed descnpaon of the Arapahoe Fonnaaon Most of the wells studled were 
completed m sandstones at depths r a n p g  from 35 to 275 ft (10 7 to 84 m) Staac water levels 
averaged 10 to 50 ft (3 0 to 15 m) hgher than the smened mterval, mdxatmg moderate pressure 

head m the sandstones The StahC water level was 20 ft (6 1 m) m one well completed m the 

shallow aqufcr 111 the southwest comer of Secnon 6, just north of the MSS 199 remedy acreage 

@ 

@M, 1990) 

Although httle site-spec& mfaormaaon is avatlable for &round water at MSS 199, plant-wde 

hydrogeologc stuhes provlde an mdlcaaon of ground water condmons m the vicimty of the RFP 

Two hydrauhcallyconnected ground water systems occur at the RFP An unconfined system 

whlch is present m saturated surficial deposits (the upper hydrostrahgraphc unit) in many areas 

of the RFP, and a confined system m sandstones and claystones of the underlying Arapahoe 

Fonnahon (the lower hydrostrangraphic mu), whch is assumed to also underlie MSS 199 

sdicial  deposits (USGS, 1976) The shallow unconfined system is recharged by infiltrauon h m  

mcident pmipitahon and from surface and baseflow water ( e g ,  dramages and reservom) 
Ground water flow is generally to the east and towards dramages Ground water locally 

dwharges as seeps or spmgs m dmnages, especially where the sdicial  deposit/bedrock contact 

is exposed. Large water table fluctuaaons may occur m the shallow system in response to 

seasonal vanaaons m recharge and ducharge, w th  the hlghest water levels generally o c c m g  
dunng the months of May and June and the lowest water levels generally occumng in January 
and February As a result of these fluctuanons the lateral and verhcal extent of saturated surficial 

deposits vanes seasonally Several past stuhes have measured hydrauhc conductmty m the 

upper and lower hydrostraagraphlc umts usmg drawdown-recovery tests, pump tests, packer 

teshng and slug testmg on selected wells (USGS, 1976, Hydro-Search, 1985, Rockwell, 1988a) 

0 

Confined ground water m the lower hydrostraagraphc u t  occurs pnmady in lenticular 

sandstone W e s  withm claystone Ground water flow m the upper hydrologc umt occurs m the 

unconsohdated Quaternary sdicial  deposits and the shallow sandstone withm the bedrock 

Recharge to thls umt occurs from mfiltraaon from streams and precipitanon The lower 
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hydrologc umt is found m the deeper bedrock sandstones which exhibit confined condhons 

Recharge to th~s umt occur pnmanly from baseflow and leakage from the overlymg claystone 

Ground water m the lower hydrologc wt flows east towards a regonal dscharge area along the 

South Platte kver, some 20 d e s  (32 km) east of the RFP Local seeps occur along the sides 

of dramages where the bedrock crops out Calculated honzontal h e a r  flow velocihes for the 

system average 0 1 fvday (003 &day) m the sandstones and approxmately 9xlW fvday 

(2 7x104 d d a y )  m the claystone A relanvely steep downward g r d e n t  is also observed m areas 

of the formahon The effects on ground water movement by faulhng in the lower hydrologx unit 

are not known (USGS, 1976, Hydro-Search, 1985) 

0 

2 1 4 4 Chmatology 

Water and wmd erosion are the pnmary contarmnant transport mechanisms for contammated soils 

at MSS 199 These mechmsms are d~scussed m greater &tad m Sechons 3 0 and 4 0 

Water erosion of soil occurs as a result of surface runoff Surface runoff at MSS 199 is the 

result of precipitahon, pnmanly from ramfall and to a lesser extent from snowmelt The volume 

of runoff is controlled by the mtensity and durahon of precipitaQon, antecedent soil moisture, and 

the surface and sod charactenshcs d~scussed m Sechon 2 1 4 2 Ramfall mtensity and duration 

vary w~dely Dunng a three-year hydrologmil study of the RFP between 1972 and 1975, ramfall 

mtensines vaned from <O 1 m/hr (4 25 cm/hr) to apprownately 0 5 in/hr (1 25 cmhr) (USGS, 
1976) Frontal stonns w~th  long, low-mtensity h a l l  durahons occur m the fall and early 

spnng, whde short, mtense cloudbursts are frequent rn the late spnng and summer months The 

cloudbursts produce much greater surface runoff than the frontal storms, despite then- typically 

short durahons Spnng snowmelt can also generate hgh  runoff Average total precipitanon for 

the RFP area is approxlmately 15 mches per year (dyr) (38 cdyr),  w~th  40 percent of th~s 

f d h g  d m g  the SpMg @OE, 1980) 

0 

Wmds III the area are vanable m h c u o n  but are predomantly from the west (westerly) 

Stronger wmds occur dunng the wmter months (DOE, 1980) Wmd data for 1989, which meet 

EG&G Rocky Flats Enwonmental Restorabon Program quahty assurance standards, are 

dscussed m Sechon 4 0 e 
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2 1 4  5 Biota 
An envmnmental evaluation of IHSS 199, which wdl charactenze and evaluate the mpact of 
contarmnahon on the site ecosystem, wdl be conducted m accordance wth EPA p d a n c e  dunng 

future RFVRI acawaes at the site Because enwonmental evaluaaon falls outside of the scope 
of the Past Remedy Report, biota at JHSS 199 are addressed only as they p e m  to potenoal 
contamnant fate and transport and to court-ordered r e m d a l  acawties at the site 

The vegetaaon m the MSS 199 m a  consists of naave grasses and weeds, wth  vanous shrubs 

and small trees along dramages Naave grasses common to the area mclude western wheatgrass, 

green needlegrass, blue grama, and sideoats grama (SCS, 1980) Poraons of the area are used 

for pasture, grmng, and crops (Secaon 2 2 1) 

Lands whch have been alled and seeded as part of remdaaon have been domated  rn the early 
stages of regrowth by weeds, mcludmg Canad~an, Russian and musk thistles, mustards, bmdweed, 

and cheatgrass (Appendm D, Document D-14) Although these weeds compete with the grasses 
planted at the remedy acreage, they promde f a r  but unreliable stabdizaaon of soils As of late 

1990, planted grasses have become established on approxunately 50 percent of the northern 

(Secaon 7) remedy acreage and prowde excellent sod stabhzaaon Planted grasses were 

charactenzed as margrnally estabhshed on 15-20 percent of the northern acreage and 
unestablished on 30-35 percent of the acreage, owmg prmady to surface cobbles and 

competition from weeds (Appendm D, Document D-16) The seed IIW( mandated by the 

Settlement Agreement includes western wheatgrass, sideoats grama, pubescent wheatgrass, and 

smooth brome (SCS, 1985) Wmter wheat and sorghum also have been planted on these lands 

as wnter cover to help prevent sod erosion d m g  remecbaaon 

e 

Praure dogs have been idenafied as a potenoal threat to revegetaaon of the remedy acreage As 

of late 1989, the prame dog populaaon unpacted approxunately 60 percent of the northern 

(Secaon 7) land and 30 percent of the southern (Secoon 18) land Prarne dogs contnbute to sod 

destabdization through burrowmg, consumpaon of new seedhgs, and stnppmg of vegetaaon 

around burrows for wsual defense agamst predators W e  burrowmg may locally ddute 
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plutonium concentratlons, it may also provide a pathway for deeper infiltrahon of plutonium into 

0 the sod and subsod at MSS 199 

2 2 HISTORY OF SITE 

The followmg seChOnS address past and present land usage and future land use scenanos at 

MSS 199, summanze the legal hstory of the site, and desmbe the remdal aChOnS undertaken 

to date at the site as a result of the Settlement Agreement. 

2 2  1 Landusage 

The popdahon, economcs, and land use of the areas s m u n h g  the RFP are desmbed m a 

1989 Rocky Flats vlcmity demographcs report by DOE (DOE, m press) Thls report dlvldes 

general use of areas wthm zero to 10 mles (zero to 16 km) of the RFP mto residentlal, 

commercial, mdusmal, parks and open spaces, agncultural and vacant, and mshtuhond 

ClaSSifiCahOnS, and considers current and future land use near the plant 

2 2 1 1 Current Usage 

The majonty of residentlal use wthm five d e s  (eight km) of the RFP is located immedlately 

north and southwest of Standley Lake (Figure 2-1) Smgle (unmcorporated) residents are located 

closer to the RFP boundary to the east and south Figure 2-7 shows the 1989 popdahon 

dlstnbuhon w h  areas up to five mles from the RFP Commercial development is 

concentrated near the residential developments north and southwest of Standley Lake, and around 

the Jefferson County Aqmt several d e s  northeast of the RFP Industnal land use wthm five 

d e s  (eight km) of the plant is h t e d  to quaryng and mmng operahons Open Space lands 

are located northeast of the RFP, near the city of Bmdield,  and m small parcels adjoimng 

major dramages and small neighborhood parks m the Cihes of Westrmnster and Arvada Standley 

Lake Park, whch surrounds Standley Lake, is approxlmately five d e s  (eight km) southeast of 

the RFP Irngated and nomgated cropland, produclng pnmanly wheat and barley, are located 

northeast of the RFP near the Cihes of Broomfield, Lafayette, and Lomsvllle, north of the RFP 
near Louisvdle and Boulder, and m scattered parcels duectly east of the RFP The area south 

of the RFP contams several horse operaQons and many small hay fields The demographcs 

report charactenzes much of the vacant land adjacent to the RFP as rangeland (DOE, m press) 

0 
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The remedy acreage onpally was pnvately owned by the lawsuit plamaffs and uthzed as 
pasture for grazmg livestock. Pmons of the land were cultwated with m t e r  wheat, these areas 

had been alled for 25 years or more pnor to thev abandonment m 1980 (Appendm D, 

Document D-1 1) An macave gravel pit also is located m the northeast comer of the Broomfield 

remedy acreage The operaaonal hstory of this pit is not known 

As a condmon of the Settlement Agreement, MSS 199 land totallmg 350 acres (142 hectares) 

was transferred from the plamtdfs to the City of Broomfield and Jefferson County The 100 

acres (40 hectares) 111 Secaon 7 deeded to Broomfield were to be used for expandmg Great 
Western Reservox To date this reservox expansion has not occurred The land has remruned 

m its onpal state and pubhc access is not pemtted The 250 acres (101 hectares) of Jefferson 

County land m Secaons 7 and 18 were dedxated to that county’s Open Space program Rather 

than allow mexibate use of the acreage as Open Space, the county has chosen to prevent pubhc 

access to thls land untd remedy actlvlaes are completed. 

2 2 1 2  Futureuse 

Future land use at MSS 199 most lrkely mvolves continued suburban expansion 111 areas north, 
east, and south of the RFP, mcreasmg the density of residenaal, commercial, and perhaps 

mdusmal land use in these areas Future land use may also mclude constNc~on of W-470, the 

western pomon of a beltway encdmg the Denver metropohtan area Two comdors currently 

are under considerahon for W-470 1) west of the RFP, along or just west of the exlsting 

Colorado I-hghway 93, and, 2) east of the RFP The east mute would pass apprownately one 
quarter d e  (0 4 km) east of k a t  Western Reservov At thls hme, it appears very Wely that 

the west route wdl be selected. Construchon of W-470 probably wdl not commence before the 

md- 1990s 

The expected trend m populanon growth m the vicmty of the RFP is addressed m the DOE 
demographm study (DOE, 111 press) l b s   port considers expected vanaaons m populaaon 

density by compamg the current (1989) setang to populaaon projecaons for the years 2000 and 

2010 A 21-year profile of projected populanon growth 111 the vlcmty of the RFP can thus be 

‘ 0  
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exammed The DOE projechons are based pnmanly upon long-term populahon projechons 
developed by the Denver Regonal Councll of Governments (DRCOG) 

@ 

Expected populahon density and chsmbuhon around the RFP for the years 2000 and 2010 are 
shown in Figures 2-8 and 2-9, respechvely Table 2 1 summanzed the populahon data presented 
m Figures 2-7,243, and 2-9 Sectors 3,4, and 5 depicted in these figures are relevant to the nsk 
assessment presented m Sechon 40, whde sectors 1 and 2 represent property wthm the RFP 
boundary In addIhOn, only nubal Sectors B through H are considered relevant to MSS 199 
Revlew of Table 2 1 and Figures 2-7,2-8, and 2-9 suggests the followmg relahve to potenhdy 

exposed future popUlahOnS 

Sector 3, the two- to three-de band from the center of the RFP, contiuns the 
remedy acreage There is no projected popdahon growth m thu sector over the 
next 20 years 

POpUlahOn growth m Sectors 4 and 5 is expected to be substanhal through the 
year 2010 However, most of h s  projected mcrease is anhcipated in northern and 
southern areas more chstal from the areas of known contammahon m MSS 199 

In the year 2010, approxlmately 90 percent of the projected 23,239 residents m 
the area of merest to MSS 199 wdl reside m Sector 5, whch is 2 to 3 d e s  from 
the RFP boundary 

These observahons suggest that, whde the popdahon 111 the vlcmty of the RFP is expected to 

grow m the next 20 years, the dynarmcs of thls growth do not conshtute an lmrmnent concern 

for residenhal exposure to known MSS 199 contammahon Thls topic is addressed 111 &tad in 

SechOn 4 0  

Use of the remedy acreage after COmplehOn of the remedy has not yet been de temed  by the 

owners It is irkely that, at least for the short term, the Jefferson County remedy acreage wdl 

be used under the county’s Open Space program, whch allows pubhc access for hdang, 

bicychg, and horseback ndmg The EPA f isk Assessment Guidance for Superfund @PA, 1989) 

recommends, for purposes of nsk assessment, that a residenhd use scenano be assumed If it 
appears possible based on exlstmg mformanon Future residenhd use of M S S  199 is considered 

, 

m the genenc nsk assessment (Appendm C) a 
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TABLE 2.1 

CURRENT AND PROJECTED POPULATION IN THE 
VICINITY OF THE ROCKY FLATS PLANT 

Segment 

C D E F G H Sum sector B 

0 

4 0 22 0 283 46 50 215 616 

1 5  300 13 25 3,671 477 578 2,355 7,419 

11 SUM I 3051 481 251 3,9541 5231 6451 2,5701 8,070 

0 

3 5 13 0 0 0 17 0 35 

4 0 214 7 472 96 50 630 1,469 

C 

1 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 

11 5 I 2,189 I 1,069 I 25 I 5,009 I 601 I 1,8791 10,1861 20,958 

11 SUM I 2,1941 1,471 I 391 5,6531 7431 1,9461 11,1931 23,239 

Source DOE (m press) 
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2 2 2 Htstorv of Litlganon 

In May, 1975, a lawsmt was filed agmst Rockwell International Corporahon, Dow Chemcal 

Company, and the Umted States of Amenca by the Church (McKay) plmuffs and Great Western 

Venture partnershp ( U S  Dismct Court, 1985b) The plamuffs’ holdmgs consisted of 

approximately 2,000 acres (810 hectares) to the west, south and east of the RFP The plamuffs 
alleged that thew lands were damaged by releases of plutomum and other radroactive matenals 

from the RFP The plamnffs c lmed that these matenals had rendered theu land unfit for human 

habitatlon and had dmmshed the market value of theu properhes for commercial, residenhal or 
other non-agrrcultural uses The plmhffs further clamed that the mere presence of the RFP next 
to thelr property further -shed the value of theu properhes The defendants acknowledged 

that releases of mhoactlve matenals occurred at vanous tunes from the 1950s through the late 

196Os, but contended that the releases had not wolated apphcable regulahons estabhshed for the 
protecaon of the pubhc (LJ S Dismct Court, 1985b) 

a 

On the basis of scienhfk exhlbits presented early m the pmceedmgs and objechons rased d u g  

the heanngs, the parhes agreed to conduct a field mveshgahon on the plmhffs’ lands that would 

mclude collechon and analysis of sod samples for plutomum and amencium Pnor to 
commencement of the field mveshgahon, the parhes agreed to specific methodologes for 

collectmg, prepamg, and analymg the soil samples (Appendut D, Document D-4) The field 
mvestlgauon program commenced m 1977 and conhnued through 1979 Results of the program 

mdcated plutomum COnCentrahOnS on the plamhffs’ properhes rangmg from <O 01 to 3 4 pCdg 
(3 7x104 to 0 13 Bq/g) (Appendm D, Documents D-4, D-5, and D-7) After addmonal tesung, 

the parhes agreed to accept some of the data as ewdence for the tnal ( U S  Distnct Court, 

1985b) 

0 

In March, 1978 the Ackard-Butler mterests mtervened m the legal proceedmg and were added 

to the lawsmt as plmhffs Church and Ackard-Butler added, by amended complmt, the State 

of Colorado and Jefferson County, Colorado as defendants m 1982, clammg that If the 

government defendants prevded m thls hagahon, then the State and County had acted 

unlawfully m precludmg development of plamhffs’ lands In 1982 the Court dlsmssed the 

plmtlffs’ clams for lack of junsdmion, rullng that the issues were not detemnable under 
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Rule 56 

plamaffs were enatled to a mal or tnals on some of the= clams 
In 1983, the Tenth Crcu t  Court of Appeals reversed this ruhg ,  staang that the 

In December, 1984 a settlement was reached between the defendants and plamaffs (v S Distnct 

Court, 1985a) The Settlement Agreement, as amended on July 2, 1985, called for nppmg, 

plowmg and dlscmg (referred to genencally m this report as "tding") of affected soils to reduce 

plutomum concentraaons to less than the CDH speclal construcaon requirements standard of 

0 9 pCdg (0 03 Bqg) €hstoncal mcidents (e g , Palomam, Spm,  cuca 1960) established a 

precedent for allmg plutomum contammated lands, whch reduces the concentraoon of plutomum 

by hspersmg it throughout the sod (Lawton, 1990) Results of sod samphg dunng 1977 

mhcated that plutonium levels 111 several alled wheat fields on the plamaffs' property were 

consistently lower than levels on adjacent unduturbed ground The agreement requrred the RFP 
to conduct addmonal sod samphg to venfy that plutomum concentraaons were reduced, and to 

revegetate the alled sods to prowde stabdmng vegetaaon Specific standards for evaluamg the 

success of revegetaQon were not mcluded m the agreement. The opaon of remdaang the land 

through "other processes" was left open m the agreement The selected remedd acttons were 

jomtly agreed upon by Rockwell Intemaaonal, DOE, and CDH One of the condmons of the 

agreement was the preparaaon and cbssemnaaon by the RFP of an annual status report on 

remedtabon progress The RFP currently prowdes sem-annual status reports Status reports 

prepared to date are provided m Appenhx D The Settlement Agreement also made provisions 

in the event there are any future release@) from the RFP If a release occurs, the RFP must 

demonstrate that contammants on affected propemes do not exceed apphcable standards 

0 

Court-supemsed sod samphg was conducted 111 1985 on the affected lands accordmg to CDH 

sample collection protocol (Appendm D, Documents D-8 and D-9) Apprommately 350 acres 

(142 hectares) of land wth  concentraaons of plutomum greater than 0 9 pCdg (0 03 Bq/g) were 

deheated by the samphg program These areas, whch were subsequently transferred to 

Jefferson County and the City of Broomfield, are the only land to whch the Court-ordered 

remedtal acaon apphes Another 490 acres (198 hectares) peranent to the settlement &d not 

exceed the sod plutomum concentraaon h t  and therefore were not targeted for remedtal acaon 
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The 1985 sampling data corroborated earlier observations that areas ongnally cultivated wth 

wheat conwed substanhally lower concentrations of near-surface plutomum It was also noted 

that average plutomum concentrations m the surficial sod appeared to have decreased 

si@icantly between 1977 and 1985 Thls apparent decrease may have been due to plutomum 

mgration (see dlscussion m Secaon 3 0) The lower values may also have resulted from (1) the 
use of Mferent laboratones utdmng Mering analpcal techmques, or, (2) the sigmficantly 

larger area represented by the 1985 samples (10 acres [4 hectares] per sample) as compared to 
the 1977 samples (0 2 acres [0 08 hectares] per sample) (Appendm D, Document D-10) 

On May 28, 1986, Jefferson County requested that the remdal actions be undertaken on theu 

lands (Rockwell, 1988b) To date, the City of Broomfield has not requested that then lands be 

remedlated. 

2 2 3 Remdation of Jefferson County Lands 

Sod remdanon currently is underway on approxlmately 250 acres (101 hectares) of Jefferson 

County lands The followmg sections address the scope of the remdal achwties and the hlstory 

0 and present status of the remdation 

2 2 3 1 Scow of Sod Remedlation 

The July, 1985 amended Settlement Agreement outhes a speclfic course of remehal action for 

plutonium contammated lands The nature and scope of remedtal actions were developed and 

agreed upon by Rockwell Intemanonal, DOE, and CDH Recommendahons concemg erosion 

control and revegetation were prowded by the SCS on behalf of Rockwell It should be noted 

that, due to concerns over sod stabdnabon, the SCS concluded that it would be best to leave the 

affected lands un&sturbed rather than to attempt remedlation (SCS, 1985) 

The Settlement Agreement specifies the followmg remedlal acnons (v S Distnct Court, 1985b) 

Spring ground preparation (plowmg and dlscmg [''tdhng''] to reduce plutomum 
concentrations through muung and ddution) plus a summer (June) cover crop 
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Supplemental mulch 

m n g  grass seed mto cover crop stubble m the fall 
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e 
Timely mgaaon dunng the estabhshment penod 

Weed control to ensure successful establishment of grasses 

More speclfically, the Settlement Agreement requlres that the remedlaaon shall consist of the 

following reme&al acaons, any of whch may be m M i e d  by agreement between the owner of 

the land and the RFP 

0 

0 

0 

0 

I 0 

Erosion Control -- Small areas of land may be worked on all at once, but larger 
areas wdl r e q m  a phased approach Land shall be broken out m alternating 
smps perpen&cular to the prevadmg wmds or, on long slopes, on the contour 
S a p  wdths shall be detemed by a number of site-specfic vanables, includmg 
sod charactenstlcs, slope length and gmbent, vegetaave cover, and field wdth 
Work on the other set of stnps shall not b e p  until the first set is successfully 
reestabhshed m grass Properly done, h s  wdl mnimze erosion m "normal" 
weather There shall be some standby promsions for emergency erosion control 
such as extra mulchmg and shent- t rappmg &versions, 111 the event of unusual 
weather 

Sod PreDaraaon -- May is the logcal tune for the plowmg, &sang, chselmg, and 
harrowmg operaaons necessary to saasfy the sod muung objecave of the remedlal 
acaon plan and to prepare a seedbed for the cover crop The frequency of allage 
r e q u d  depends on successful reductlon of sod plutonium concentraaons to the 
remedy actlon level Addmons of mtrogen and phosphorous shall be made as 
necessary 

Cover C~OD -- The revegetatlon scheme ual~zes a cover crop (forage sorghum) 
whch wll be planted m June when the sod has warmed to 60OF (16OC) 

Grass S&q -- Grass shall be drrlled mto the ground after November 1 

Mulch -- The cover crop should leave adequate residue for sod protecaon If it 
is msuffkient m some areas, mulch wdl be needed. 

Sumlemental Imgaaon -- Tmely mgaaon through estabhshment of the grass 
seed rmx shall be used to mprove the chances for a successful planting 
Supplemental ungaaon may also be r e q u d  durrng estabhshment of the cover 
CfOP 

Special Con&aons -- In order to prevent possible resuspension of plutonium on 
the sod surface, the mrxlng OperaQon wdl be conducted only when the sod 
moisture content is greater than 15 percent and the wnd velocity is less than 15 
mph (24 km per hour) Portable au samplers wdl be operated downwmd from the 
sod mxing operaaons dunng a l l  phases of the program The samples wdl be 
analyzed for plutomum and all acavlaes wdl be shut down If the plutonium 
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concentranon m the au exceeds a control level of 0 02 pCdcubic meter (7 4 x lo4 
Bq per cubic meter) 

Mamtenance -- Areas that do not develop sahsfactory ground cover m a 
reasonable length of m e  (two growmg seasons) would be reseeded after an 
evaluation of the cmumstances by representatives of Rockwell (now EGBrG) and 
the land owners mvolved. 

2 2 3 2 Effcctweness of the Remedy Imdementanon 

Court-ordered remehal actions taken to date on the Jefferson County remedy acreage are 

summanzcd m Table 2 2 These aCtI0nS addressed 111 much greater deml 111 the remedy 

status reports prepared by the RFP under the terms of the Settlement Agreement Remedy status 

reports prepared to date are contamed m Appendut D (Documents D-10, D-11, D-13, D-14, D-15, 

and D-16) To date, the City of Broodield has not requested that remdal aChvlheS commence 

on thelr 100 acres (41 hectares) of remedy acreage 

As mhcated m Table 2 2 ,  remedy achons have been unplemented on two plots of Jefferson 

County remedy acreage, a 20-acre (8 hectare) plot m Sechon 18, T2S, R69W (the southern area) 

and a 100-acre (41 hectare) plot m Sechon 7, T2S, R69W (the northern area) The southern and 

northern areas have been ulled m smps as an erosion control measure, as shown m Figures 2-10 

and 2-1 1, respechvely Alternate smps were plowed m 1986 wth the rewnmg smps to follow 

upon successful revegetahon The plutomum concentraaons shown m these figures represent 

post-tlllmg conditions Tdhg of these 120 acres appears to have successfully reduced sod 

plutonium concentraaons to below the 0 9 pCdg (0 03 Bq/g) O H  standard adopted by the court 

as a remedy acuon level Attempts to stabilize the tilled sods through revegetation have met wth 

rmxed success to date The outcome of the rewegetahon effort appears to result from the 

following factors (Appenh D, Documents D-15 and D-16) 

mtense competihon from weeds 

insufficient mounts and/or seasonal dstnbubon of precipitahon 
extremely rocky surfaces or clayey sods 

an expanchg pmne dog populahon 
the effects of slope on sod moisture 
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TABLE 2.2 

IHSS 199 REMEDY ACTIONS 

August 1986 

Dates I I Result 

Planted the addltlOnal20 acres n Secbon 7 mth sorghum 
seed the first frost 

Socghum stopped gmmg in Odober and mlted afta 

June 1986 lsoll blling and subsoqu4nt seed bed preparation Of the northern1 Parlml success, approxmately 80 acres were 

October - 
November1986 

June 1987 

lune - July 1987 

July 1986 

Appltad mld grass seed to the approximately 20 acres in 
Sedion7 

Re+ the approximately 100 mes in Sedm 7 and 
replanted W h u m  seed 

Plowed and npped the southem area (approximately 20 aaes) 
in WKM 18 

area (qpmmately 100 arm) m Sedm 7 

Apnl1988 Resded grasses on the roproximately 120 acres of 
remedlated land in SeCtKnw 7and 18 I 

Inwed applmtm of sorghum seed on the approxmately 80 
acressuccessfullyremediated msecbon7 

Poor to marginal succ~ss, nabve grasses 
successfully establrshed on only about 10 percent of 
the area.' 

successfully remedlated and approximately 20 BQes 

FirslSprOUtSappearedo8ro4/86 

exceeded the plutonum concentration standard 

C o k e d  sod samples hom both blled and unblled areas in the 
Jefferson Countyaaeage Thrswasperfmedbecausesorl 
semples cdked n 1986 and 1987 do not meet current quality 
assuranceprotocols 

July 1986 I second blllng opedon of the approxunately 20 acres in I Unsuccesshl, plutonum concentration exceeded the 

Analytd results pending 

July 1986 

sedm 7 where the imtd effort was unsuccessful Thls 
ope- misted of blling the area three more times 
Third bllmg operatm of the approximately 20 acres in 

addklonal three times and one appbwon 01 a Vibrashank 
ripper 

sedm 7 Thls operation consisted of deeppiomng an 

Standard 

Successfully remedmted 

Fculure 

Successful, sorghum came up well 

Partml success, approxmately 15 &xes were 
successfully remedlated and the remcuning 
qproxmtely 5 acres exceeded the plutonium 
concentration standard 

July 1987 

November 1987 

November 1987 

Nov~nber - 
December 1987 

Replowed and reripped approximately5 of the 2Oacres n 
Sedm 18 whlch exceeded the plutonium concentratm 
Standard 

Conduded weed control on the approximately 100 acres n the 
North Area in W o n  7 that were remedlated The area was 
sprayed WIUI Roundup herkcde The pnmary target was 
CheatQraSS 

Conduded weed control by dtsang the approximately 20 acres 
of remediated land n the South Area n Secbon 18 

mnter wheat and the placement of mulch on the surface of the 
20 -of remedlated land in Secbon 18 

Perlmed emsm control measures conslstlng of planbng 

Successfully remedated 

very successful 

Unknown 

Successful, subsequent inspections revealed llltle 
erm was occurring 

January 1991 

* The January 1991 remedy report (Appendur D, Document D-16) indcates that a successful 
1990 growng season sipiicantly reduced the amount of area q u m g  reseedmg 0 
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The 1990 remedy status report (Appenhx D, Document D-15) proposed specrfic achons to 

unprove the revegetauon effort, which at the ume was esumated to be only ten percent 
successful Between 1988 and 1990, the RFP operatmg contractor changed from Rockwell 

hternahond to EG&G, and several key personnel changes occurred wthm the EG&G group 
responsible for unplementauon of the remedy As a result, the remedy muons proposed m the 
1990 report were not unplemented. 

The January 1991 remedy status report (Appendut D, Document D-16) provides the latest 

avadable assessment of the revegetauon effort Thls report mdcates that, after a successful 1990 

growing season, planted grasses have become estabhshed on approxlmately 50 percent of the 

northern (Secuon 7) acreage, sigdicantly reducing the amount of land requrnng reseedmg The 

January 1991 report proposes the followng aChOnS to fachtate revegetauon of the remammg 
acreage 

weed control 
p r m e  dog suppression 
change of seed rmxture 

Imgaaon of the revegetated areas, whch was proposed m the 1990 Remedy Status Report 
(Appendut D, Document D-15), is not bemg considered due to water quahty issues m usmg RFP 

water for ungauon and concerns over surface runoff transport of contarmnants from the remedy 

acreage 

Because sod samples collected from the remedy acreage m 1986 and 1987 (Table 2 2) do not 

meet current quallty assurance protocols, sod samples were collected agam m January 1991 from 

both alled and unulled Jefferson County acreage to c o n f i i  the sod plutomum concentrauons on 

these lands These samples wdl be analyzed for plutonium and amencium, and the results 

reported as soon as they a~ avculable (Appendut D, Document D-16) 

RFPaprl99 r 41 051791 



3 0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY 

Contarmnatlon of off-site surface sods near the RFP has been atmbuted pnmanly to wnd 
I dlspersal and deposiuon of plutomum-contarmnated sod from the 903 Pad (Appendur D, 

Document D-1) Uhhzmg the mformahon obmned m past studles (sechon 2 l), a descnptlon 
of the potenual contarmnauon transport mechmsms at IHSS 199 is presented here for use m the 

eVdUatl0n of the potenual nsks of IHSS 199 sod contarmnahon to human health (Figure 3-1 and 
r 

I Table 3 1) 

For an exposure pathway to be considered complete it must contam the followmg components 

RFPaprl99 r 

Contamtnant Source For purposes of the conceptual model, the pnmary current 
source area is the plutomum-contammated sods of IHSS 199 Plutomum from 
IHSS 199 could be released to sur, ground water, surface water or biota Each of 
these medla can subsequently become a secondary source for further releases 

Contamant Release Mechmsm The potenhd release mechmsms for 
plutomum from the sod to each medla are presented The mam mechanisms are 
resuspension mto au, surface water runoff, dISSOhhOn mto water, and colloid 
formation m water A dlshnctlon is made between pnmary release mechanisms 
(those mechmsms whch release contarmnants dmxtly from the source area) and 
secondary release mechmsms (those mechmsms whch release contarmnants 
from secondary medla contammated by the source area) 

Transport Medla Once plutomum is released it can be transported w h  
transport medla to exposure pomts The transport medla can be au, ground water, 
surface water, or biota. Behawor and fate of plutomum 111 these medla are 
unportant relahve to exposure routes and receptors The conceptual model 
idenafies both pnmary transport medla (the medla m whch contammants exlst at 
the source area) and secondary transport medla (those medla m whch 
contarmnants are transported away from the source area) 

Exposure Route Any point of potenhid contact wth  a contammated medlum is 
an exposure pom Exposure routes are detemed accordmg to the medla 
contarmnated and the antlcipated actlwhes at the exposure polnts Exposure route 
can be by mgeshon, mhdahon, or dermal contact 

Receptor 
exposure pomts 

The receptors are the populatlons exposed to contarmnants at the 
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TABLE 3.1 

CONCEPTUAL MODEL FOR IHSS 199 CONTAMINATED SOILS 

Secondary 
Release 

Mechamsm 
Primary Release 

Mechanism 
Secondary 

Media 
Exposure 

Route 
Potential 
Receptors 

Fugmve dust Alr Auborne 
Settled dust-plant 
Settled dust-soil 
Settled dust-water 

Inhalauon 
Ingesuon 

Residents 
Visitors 
Biota 

Surface runoff Surface water Biouc Uptake 
Deposiuon 
Imgauon 
Infdtrauon 
Fugmve Dust 

Ingesuon 
Inhalauon 

VlSltOrS 
Biota 

Infiltrauod 
Percolauon 

Groundwater Seepage 
-Page 
Transfer to Surface 
Water 

Off-site, 
downgradlent 
residents 
dependent on 
ground 
water 

~ 

Biouc uptake 
~ 

Biota Ingesuon Vegetahon 
~ Terresmals 

Biodegradauod 
Percolaaon 

Physical Transfer Biohc movement Trackmg by 
Organlsms 

None None 
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The conceptual model provldes a contarmnant source charactenzaaon and an overnew of all the 

potenaal mgraaon pathways that may result from releases from and/or mto each transport medla 

Some of these pathways have a hgher potenaal for occurrence than others Significant mgration 

pathways are identified by evaluatmg the fate and mobhty of the contarmnant m each potenaal 

medla that is mcluded m the conceptual model Exposure mutes and receptors, whch are also 

components of a completed exposure pathway, are addressed m Secaon 4 0 

0 

The transformaon, transport, and fate of contarmnants m each potenad transport medla are 

mportant m evaluatmg completed exposure pathways Contarmnant fate and mobhty are 
assessed by dehmg the mechmsms and maptude of potenaal mterme&a transfers and 

releases, and by analyzmg the chemcal and physical forms, stabhty, and react~vlty of the 

contarmnants The maptude of mtermda releases depends on the physical and chemcal 

propemes of the medla and the conmants  

3 1 SOURCE AREA CHARACEREATION 

Although the RFP has been idenafied as the histonc source of plutomum contarmnaaon at 

IHSS 199, the IHSS 199 sods at.e considemi to be the current contarmnant source for purposes 

of nsk assessment The followmg dlscussions focus on sod, contarmnant, and chmatologml 

charactensacs whch affect contarmnant transport 

@ 

3 1 1 Sod Charactensacs 

A drscussion of MSS 199 sods is presented 111 Secaon 2 1 4  1 The organic matter content of 

the surface sods vanes between 2 to 4 percent and the pH values range from 6 6 to 8 4 (neutral 

to shghtly W n e )  The vertlcal permeabihty of these soils is 0 06 to 0 6 in/hr (0 15 to 

1 5 c&) Runoff is generally rapid and water erosion potenaal is h g h  The predomnant 

mmerals of the fme sod fracuon a n  montmorlllomtic clays with calcareous matenals (SCS, 

1980) These condltions may have changed on the remedy acreage as a result of court-ordered 

remedlabon In parhcular, the followmg changes may have occurred as a result of W g  

Increased erosion potenaal due to vegetaaon loss 
Muung of sod honzons and nxhsmbution of rock fragments 
Loss of plant nutnents, pmcularly mtrogen, through leachmg 
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Loss of sod structure. 
Loss of orgamc matter through mcreased oxldauon 

It should be noted that water erosion does not appear to be a common or sigmficant problem on 

unillsturbed sod surfaces m and around the mnedy acreage It is beheved, therefore, that 

successful revegetahon of the remedy acreage wdl greatly reduce the contnbuuon of surface 

runoff and erosion to plutomum transport at MSS 199 

3 12 Contarnurant Charactenstm 

As hscussed m Secuon 2 12, plutomum and its decay product, amencium, are the only 

contarmnants whch have been shown to exlst 111 MSS 199 sods above background concentrauons 
(as recorded at samplmg locauons remote from the RFP) as a result of RFP releases. Plutomum 

concentrauons 111 lawsmt acreage sods have been charactenzed by numerous samplmg programs 

(Appendut D, Documents D-4, D-7, D-8, D-9, D- 10, and D- 1 1) Concentrauons of a number of 

nxhonuchdes other than plutomum, mcludmg amencium, were measured m 1976-1977 m the 

lawsmt acreage sods (Appendm D, Documents D-4, D-5, D-7, and D-8) Although amencium 

concentrauons apparently were found to exceed expected background levels (Appendut D, 

Document D-8), sufficient amencium data to perfom even a qU&tahVe nsk assessment for 

MSS 199 are lackmg The only nonradIoachve contammant known to have been measured in 

MSS 199 sods is beryhum, whch was measured in 1971 by CDH (CDH, 1991) None of the 

avsulable data for contamtnants other than plutomum meet the cntena estabhshed by EPA for 

perfomg a human health nsk assessment (EPA, lma, see Appendm A) For these reasons, 

plutomum is the only contamtnant considered for purposes of thls conceptual model and the 

quahtauve nsk assessment (SecQon 4 0) Data for other potenbal MSS 199 contarmnants wdl 

be developed dunng scheduled RFI/RI acuvlues at the site 

a 

There are 15 known isotopes of plutomum that decay mto other elements at Mferent rates (half- 

hves range from hours to 387,000 years) If water contamng illssolved plutonium evaporates, 

the plutomum undergoes a senes of hydrolysis reacuons, eventually passmg from the illssolved 

state to the thermodynarmcally stable sohd form of plutomum, plutomum illomde (hod (Ames 

and Rsu, 1978) a 
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At the typical temperature, pH, and Eh con&nons of enwonmental concern, plutonium will exist 
either as PuO, or as a sohd hyhmde (Bmlans, 1984) If oxygen is excluded from the soil, 

there is a possibhty that plutomum may iomze and hence become more soluble, however, 

vadose-zone sods (those above the water table) are almost exclusively oxl&zmg The stable form 

of plutomum 111 the surface sods at MSS 199, therefore, is almost certamly PuO, When 

paracles conwmg PuO, are deposited on sod surfaces, they typically attach themselves by 

chermcal and physical bondmg to sod paracles, especially to clays, metal &oxides, and orgmc 

matter (CSU, 1974, Brooluns, 1984) Subsequent mobhty of plutomum from these soils is 

detemed by 

0 

The strength of thls b o n h g ,  whch is deterrmned largely by the clay, metal 
Qoxldes, and orgamc matter content of sods and the type and form of plutonium 

The physical and chermcal condmons present at the site, such as precipitanon, sod 
moisture content, wmd speed, frequency, and turbulence, vegetahon cover, pH, Eh, 
and temperature 

These factors ulmately deterrmne the processes that may be responsible for mobilizanon of 

plutomum to other medla or exposure pomts The processes could be either one or a combinanon 

of the followmg 
e 

resuspension 
&ssolunodprwipitation 
hydrolysis 
oxldaaodreducnon 
ion exchange 
desorption 
colloid formanon 
complexanon 

3 1 3 Climatolorncal Charactensncs 

Of pamcular importance to the fate and mobhty of plutomum at MSS 199 are wnd and 

precipitanon The clunate m the IHSS 199 area is typfied by strong, often gusty wnds The 

stronger unnds blow from the west and northwest, and occur more often dunng the Hnnter 

months The average annual preclpitahon for the area is 15 m (38 cm), of whch 40 percent falls 

d m g  the spnng Ramfall mtensity vanes from long, low-mtensity frontal storms m the fall and 

early spnng to short, intense cloudbursts in the late spnng and summer months Snowmelt can 0 
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also generate high runoff m the area 

(DOE, 1980) MSS 199 c h t o l o g y  is &scussed rn more detrul rn Secuon 2 1 4 4 

Snowfall at the RFP averages 85 idyr (216 cdyr) 

0 
3 2 RELEASE MECHANISMS AND TRANSPORT MEDIA 

The followmg SechOnS present &Wed &scussions of the processes descnbed m SeChOn 3 1 and 

how they affect the fate and moblllty of plutomum m au, ground water, and surface water 

3 2 1 Plutomum Fate and Mobdm m Av 

Atmosphenc resuspension of sod pmcles contammated wlth plutomum is the pmcipal 

mtermda transfer process affecbng plutomum sod contarmnahon Resuspension occu~s as a 

result of wrnd acuon, and is often ampMied by sod &sturbance The resuspension factor is 

defined as the raho of the ZLU concentrauon to sod concentrahon and is expressed as per 

meter (m ’) 

Resuspension factors for each known contammated secuon of T2S, R69W are presented m 
Rockwell Internauonal’s &sclosure to the City of Broomfield regadmg the remedy acreage 

(Appendut D, Document D-8) These resuspension factors are @ 
Secuon 6 -- 1 5x109 m1 
Secuon 7 -- 10x109 m1 
Secuon 18 - 1 8x109 m 1  

The methodology behmd the development of these values is gwen m SCS remedy 

recommendauons (SCS, 1985) CDH developed s d a r  values m the 1970s for quescent, 

vegetated lands m the wcmty of the RFP A further f m b g  was that vehcular disturbance 

would change the average values to appromtely 1x10 * m1 (OH, 1976) 

Once resuspended m the an, the pmcles can move long &stances dependmg on wmd velocity 

and turbulence Smaller &ameter pmcles wdl be cmed longer &stances, therefore, the size 

of Pu0,-contammated sod partlcles is CnhCd Prewous studies have shown that the &stnbuhon 

of plutomum by sod pmcle sizes at the RFP was vanable, mdlcahng the associauon of PuO, 

wlth sod meral phases of vanous sizes (McDowell and Whlcker, 1978) The respvable 

percentage of suspended plutomum-contarmnated sod pmcles m SuT (those wlth bameters less @ 
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than 10 mcrometers [pm]) has been esamated to be appromately 20 to 40 percent (Whicker 
et al , 1974) Because of the small set thg velociaes associated wth such pmcles, they can be 

transported long &stances by wmds before setthg Pmcle size charactenzaaon wdl be 

conducted as part of scheduled MSS 199 RFURI acawaes 

3 2 2 Plutonium Fate and Mobhtv in Ground Water 
There five oxldaaon states of plutomum (Pu) m aqueous soluaons Pu(III), Pu(IV), pU(V), 

Pu(VI), and Pu(VII) However, under the oxl&zmg and near-neutral con&aons typical of surface 
water, the Pu(IV) oxldaaon state is the most stable Pu(IV) is pracacally msoluble under these 

conchaons because it readdy hydrohzes to form Pu(OHk), and, upon loss of water, to produce the 

thermodynarmcally stable PuO, (DOE, 1991) 

Pu02 is extremely msoluble m water, but can undergo h t e d  dmoluaon m the pH range of 

enwonmental mterest. The sohd phase of PuO, is a colloidal polymer of neutral or posiuve 

charge Pu(V) and PU(VI) can coexist as ions wth the PuO, polymer (DOE, 1991) Such 

colloids can contiun from lo6 - 10" atoms of plutomum (Andelman and Rozzell, 1970) 

Increasmg pH tends to reduce the charge density of the polymer, and at p B 9 ,  it is expected that 
the colloids become negaavely charged, decreasmg the a f h t y  of PuO, for soils and thus 

mcreasing its mobihty m surface water The solubhty of plutonium can also be mcreased 
through complexaaon wth hurmc acid (DOE, 1 9 9 1 )  However, Krey and Hardy (Appendw D, 

Document D-1) found that 99 percent of the total ecosystem plutomum m the envrons of the 

RFP, denved prrmarrly from the 903 Pad, occurred m the top 8 3 mches (21 cm) of sod n;s 

f m b g  mchcates that plutomum mgrated a very llrmted dutance through the sod m the twelve 

years between the f i t  contamlnaaon from the 903 Pad (1958) and the 1970 study This lack 

of transport probably results from a combmahon of factom, mcludmg atmosphenc transport to 

the sod, h t e d  precipitaaon, and the strong tendency of plutomum to adsorb to clay m the sod 

(Shade et a l  , 1984, Baes and Sharp, 1983) 

The mgraaon of plutomum ions ~fl ground water is retarded due to COnMUOUS chsmbuuon of 

plutomum between sod and water phases The chsmbuaon coefficient (Kk), whch quanmes the 

tendency to be adsorbed onto a sohd pmcle relaave to remsuning dssolved, for plutonium is 
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103-l@ (Allard and Rydberg, 1983) The EPA (1990b) gwes a Qsmbuaon coefficient of 2x103 
for plutomum Plutomum would not be expected to rmgrate readdy rn ground water wth such 

hgh  I& values Furthermore, plutomum wdl tend to r e m  adsorbed to sohd pmcles at pH 
values between three and m e  (Roxburgh, 1987) However, it has been shown that plutomum 
bound to colloidal partxles m ground water may be unaffected by the forces that act to retard 
plutomum ion movement through ground water systems and rmgrate &stances far beyond those 

expected from K,, values alone (Penrose et al 1990) The Penrose et a1 study descnbes dlssolved 
plutomum (and amenciurn) from a mated aqueous effluent rmgraang through a shallow alluvlal 

aqulfer denved from volcmc tuff The mmeralogy of thls aqufer is not descnbed, but fine- 
gmned matenal descnbed as sdty clay may, in fact, be zeolites The plutonium source, mode 

of transport, deposiaonal mechamsm, and aquder enwonment are potenaally very Merent than 

the surface sod envmnment at MSS 199 Indeed, the Penrose et a l  study cautlons agrunst 
extrapolatmg the results to dlssmdar enwonments and condlaons without careful site-spec& 
study The vemcal dlsmbuaon of plutomum 111 MSS 199 sods and, If appropnate, the IHSS 199 

ground water enwonment d be stu&ed d m g  scheduled RFURI actIvlheS at the site 

@ 

@ 3 2 3 PIutonium Fate and Mobihtv in Surface Water 

The fate, transport, and human health nsk associated wth plutonium rn h a g e  and reservon 

s h e n t s  m the vicmty of the RFP have been evaluated and Qscussed (DOE, 1990) This 

document provides an evaluatlon of the potenaal transport and exposure pathways associated with 

the potentld surface water runoff and soil erosion mechmsms discussed below 

Sod erosion by water may transport contammated sods to surface waters (creeks, nvers, 

reservom) Combmed surface water and wmd erosion of sods at IHSS 199 is estlmated by the 

SCS at 93 to 143 tons per acre per year (209-321 metric tons per hectare per year) for bare 
unvegetated sods and 1 to 3 tons per acre per year (2 2-6 7 memc tons per hectare per year) for 

vegetated areas (SCS, 1985) These figures m&cate that revegetatlon d si@icantly decrease 

surface water erosion Because plutomum adsorbs to pmculate matter, its moblllty m surface 

water depends upon the amount of suspended sohds 111 the water However, &solved orgamcs, 

carbonates, or other complexmg agents rn the water can form complexes wth  plutomum and 

mcrease its solublllty As a result, plutomum may stay m the dlssolved phase m surface waters 
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When m o m g  water becomes stagnant, plutomum attached to parhcles settles out as bottom 

sdments  It has been shown that clay-nch sdments, such as those m mpoundments near the 

RFP, have an extremely hgh  affiity for plutomum m an aquaac system (CSU, 1974) As a 
result, the bottom sedunents wdl mmobhze plutomum considerably However, hgh  Qssolved 
orgamc carbon, carbonate, fluonde, chlonde, or mtrate concentrahons along wth a hgh  

percolaaon rate may leach some of the plutomum m bottom sedunents downward toward the 

water table There is no ewdence, however, that thu process IS occumng m reservom near the 
RFP The concentrahons of plutomum mstead decrease to background levels at a depth of 8 to 

12 m (20 to 30 cm) m the reservon sedlment columns (Rockwell, 1984, Rockwell, 1985a) 

0 

It has been demonstrated that density strahiicaaon of lake waters m summer months results 111 

a reducing enmnment  m deeper water The Qstnbuhon coefficient of plutomum m reducmg 
waters is threefold to tenfold lower than m oxlQzmg con&aons As a result, the mobihty of 

plutonium wdl mcrease somewhat. However, the & values for these waters are sall very hgh 

(ANL, 1986) 

0 Resuspension of plutomum from bottom secfiments is also possible by orgmsms that &sturb the 
sedunents The resuspended plutomum wdl eventually settle back out and agam become part of 

the sediment. 

3 3 PLUTONIUM MIGRATION PATHWAY SUMMARY 

Plutonium at MSS 199 most ldcely exlsts m the thermodynarmcally stable solid state, PuO, 

(sechon 3 1 2) Considerahon of potenhid surface water and ground water mgrahon pathways 

must take mto account exlshng poSt-depoSihOnd characternabon of the contarmnahon The 1970 
Krey and Hardy InVeShgahOn (Appenduc D, Document D-1) detemned that after twelve years 

of potenhd transport, 99 percent of the total amount of plutomum m the sods was contamed m 

the top 8 3 111 (21 cm) of sods around the RFP, and, furthermore, that half of the total plutomum 
remsuned m the top 12 m (3 cm) 

These factors have mportant mphcahons regardrng the potenaal surface water and ground water 
mgraaon pathways at IHSS 199 If surface water was an effecave plutonium transport 
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mechanism, half of the plutomum would not be expected to remmn wthm the top 1 2 in (3 cm) 

of soil over a pcnod of twelve years Plutonium would have been effectwely removed from the 

land surface through erosion or would have infiltrated deeper into the sods 
0 

InffltrahOn toward the ground water system also does not appear to be a plausible mIgratIOn 
pathway for plutonium at MSS 199 If lnfiltra~g ground water was an effectwe plutomum 

transport mechmsm, the plutomum would be expected either to have a more unlfonn depth 
dstnbuhon wthm the unsaturated surface matenals, or to be present m hgher concentratlons at 
depth than at the surface 

The observed dstnbuhon of plutomum 111 IHSS 199 sods strongly suggests that neither surface 
water nor ground water me hkely pathways for plutomum mgraoon at the site Research and 

mvestIgahons mto plutomum mobhty at other locaaons have demonstrated that lack of plutomum 

transport through unsaturated porous medla is the rule rather than the excepQon (Andelman and 

Rozzell, 1970, Bmlans, 1984, K m  et al , 1984, Shade et al , 1984, Sdva et al , 1979, Staley 

et al , 1979) The reasons for h s  lack of moblllty appear to be the extremely low solubihty of 
plutonium and the strength wth  whch plutomum is adsorbed to f ine-pned  pmcles m the 
unsaturated porous medla 

0 
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4.0 PRELIMINARY HUMAN HEALTH RISK ASSESSMENT 

Secaon 300 430(d) of the NCP (Federal Repster March 8,1990, pg 8709) states that as part of 
e 

the r e m d a l  mvesagaaon, a basehe nsk assessment (BRA) is to be conducted to deterrmne 
whether the contarmnants of concern identifkd at the site pose a current or potenaal nsk to 

human health and the enwonment m the absence of r e m d a l  acaon Table 5 of the IAG 
Statement of Work modlfies thls objecave for the OU 3 p r e b n a r y  reports by b a n g  the nsk 

assessment to human health concerns based on a no further acnon alternaave A complete 

quanataave nsk assessment wdl be performed under the scheduled OU 3 RFI/RI The followmg 

dscusses the general aspects of a BRA, and the specfic Merences of this p re lmary  

assessment. 

4 1 BASIS AND PURPOSE OF THE BRA AND THE PRELIMINARY HUMAN HEALTH 
RISK ASSESSMENT 

The major objechve of a BRA IS to idenOfy and define (quanUfy) potenhal human health nsks 
and envmnmental impacts associated wth  exposure to the consatuents present in the vanous 

enwonmental site medla. The assessment is not mtended to esamate the true nsks to whch 
human or enwonmental populaaons wdl be subject, rather it presents upper bound esamates of 

these nsks to be used m the remedlal decision-makmg process The true nsks are hkely to be 

much lower than thew upper bound values It is used as mput mto the feasibility study (FS) to 

focus on the most appropnate remedles (if any), whch reduce idenflied nsks (lf any) to 
acceptable levels The BRA essenaally estabhshes the site basehe condmons from whch a 

selectlon of the most appropnate type and extent of comecave acaons (lf any are needed) can be 

made 

0 

4 1 1 BRA Obiecaves 

In general, the major objechve of the BRA is attiuned by idenUfymg and charactenmg the 

following 

Tomcity and quanhty of hazardous substances present m each medla of concern 

Enwonmental fate and transport mechmsms wthin specific envmnmental m d a ,  
such as physical, chemcal, and biolopcal degradahon processes 
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Hydrogeologcal, aukme, surface water, and biota evaluaaon and assessment 

Potenaal exposure pathways and extent of actual or expected exposure 

Populaaon at nsk 

Extent of expected ham and the hkelhod of such harm o c c m g  

Acceptable levels of exposure based on regulatory and toxicologml mfonnaaon 

Companson of conctntranons present wth Apphcable or Relevant and Appropnate 
Requmments (ARARs) 

Development of a site-specfic model that will provide a calculaaon of nsk, gwen 
site-specific parameters 

At most faches  the pnnciple data source document for conductmg the BRA is the RFI report 
or the RI report These mclude general site charactenzaaon mformaaon, chemcal andyhcd 

mformanon, and a demled descnpaon of the hydrogeologml regme and predmons of 

groundwater flow and contarmnant transport mechmsms The charactenzahon of site-speclfic 

parameters such as aubome contarmnant concentrahons, types and dmnbuaon of biota, 

occurrence of surface water, and sod contarmnant concentraaons are also performed d m g  thls 

RFVRI The BRA presents the data collected d m g  these mvesngaaons m the context of 
potenaal human and enwonmental exposure and focuses on the most toxlc of the site 

contarmnants The human health aspects of the BRA uses the data and the charactenzaaon of 
the site and contarmnant Qstnbuaon patterns for all enwonmental medn by remterpretmg them 

m the context of potenaally complete exposure pathways leadmg to human receptors, wth one 

added hension, namely focusmg on the toxlc consatuents The followmg dscussions focus 

on the human health aspects of a nsk assessment 

Once all potenaal exposure pathways have been evaluated the carcmogemc nsks from each are 

summed to produce a total nsk posed to humans from the contarmnants located on-site l%s 

value is then compared to the EPA target carcinogemc nsk range of la4 to 10 The EPA does 

not reqw the complete ehmaaon of nsk or of all known or anacipated adverse effects, rather 

it does reqm protecnon of human health and the enwonment Appendices B and C of thu 

report provlde addlaonal mfmmaaon concemmg the concepts of nsk 
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I In 40 CFR Sechon 300430(3)(2)(i)(A)(2) the EPA states that "For known or suspected 

camnogens, acceptable exposure levels are generally COnCenlIahOn levels that represent an excess 
upper-bound Meame cancer nsk to an indmdual of between lo4 and la6, usmg mfommhon on 
the RlahOnShp between dose and response." Furthermore, the EPA has stated 111 h s  secbon that 

the 10 nsk level shall be used as the pomt of departure for deterrmnmg remedIahon goals for 
alternaaves when ARARs are not avadable or are not sufficiently protecave because of the 

presence of mulhple contarmnants at a site or InUlhpk pathways of exposure, however, this 10 

cumulative nsk level is to be used only as a starhng pomt, and does not reflect a presumpbon 

that the fmal decision on r e m d a l  achon should attam such a nsk level It is possible that gwen 

site-speclfic parameters, a Cdculahon that results m a CUmdahVe total nsk level of lo4 to the 

pubhc could shll be protectwe of human health, thus ehrmnahng the need for r e m d a l  achon 

' 0 

4 1 2  Ouditahve R s k  Assessment Obiechves 

Unfortunately, a quanhtahve BRA cannot be performed usmg exlstmg MSS 199 data AppendIx 

A of this document presents the data useabhty rewew for the purposes of a quanbtabve nsk 

assessment of exlshng documents and concludes that the avadable data are not adequate to 

perform a defensible quanataave nsk assessment A quanataave nsk assessment w11, however, 
be performed based on EPA p d a n c e  (EPA, 1989) as part of the remedud 1I1VeShgahOn report 

0 

Smce a quanhtahve human health nslc assessment cannot be performed wth exlshng data, a 
quahtabve human health nsk assessment for MSS 199 is presented 111 h s  sechon The 

objechves of h s  quahtahve assessment are to idenhfy all potenhd exposure pathways whch w d  

be evaluated 111 the IHSS 199 R.FI/RI, to  ISC CUSS the relatwe si&icance of each pathway usmg 

exlshng mformaaon to make quahtattve judgments, and to idenhfy addmond Informahon needed 

to perform a quanataave assessment. The qUahtahVe assessment uses the exlsang mformahon 

to make judgments c o n c m g  the potenad exposure pathways and to idenhfy the plausible 

exposure pathways and quahtahve mks whch are apphcable to the followmg scenarios 

No further achon for current land use scenano 
Implementahon of the remedy (workers and the pubhc) for current land use scenano 
Post remedy for c m n t  and future land use Scenarios 

I. 
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These judgments are not used, however, to elimmate potenhd exposure pathways from evduaaon 

Due to the mherent u n c m t y  of a quditahve nsk assessment, it is not possible in thls 

assessment to accurately compare the relahve nsks of the no action, remedy Implementahon, and 

post remedy Scenmos Only the relahve dlfferences m the sigmficance of vanous pathways can 
be dlscussed. The medla specfic pathways, routes of uptake, and potenhd human receptors are 

the same for all three scenanos, however, the concentration of plutomum (source term) will 

decrease for the Implementahon and post remedy condloon 

~ 0 
I 

I 

The quahtative nsk evaluaQon for the no further aChOn dtemahve and the remedy 
Implementation altemahve axe based on the current land use (remahOn is assumed) condltion 
In order to prow& some eshmate of whether there is any lmmlnent threat to human health, a 

hypothehcal nsk assessment has been provided that uses genenc exposure pathway assumphons 
based on a future residentlal land use Thls hypothehcal nsk assessment does have lmtahons 

in that only plutonium is assessed. This assessment is promded m Appendut C, and includes 

dlscussions of the relahve Mference m nsk based on plutomum concentrahons m soil of 1 pcdg, 

10 pCdg, and 100 pCdg The reader may compare the cdculahons for each pathway to assess 
If there is agreement between the quahtatwe deSctrphOn of nsk from each pathway with the nsk 

calculated for that pathway m Appendur C 

Data reviewed (see Section 6 0  for a hst of references) mdlcate that plutomum is the only 

contarmnant at MSS 199 that has been charactenzed and whch can be atmbuted to RFF 
hstoncal releases Only very h t e d  data are avadable for other donuchdes potenhally present 
at MSS 199 as a result of RFP releases, such as amencium-241 If amencium does occur at 
MSS 199, it would hkely emst m small quanhhes compared to plutomum This statement is 

based on the plutomum/amenaum ratio m the weapons grade matenals handled at RFP 
Table 4 1 hsts the isotopic composihon of RFP plutomum The mhd histonc 

plutonium/amencium ratio was 15 1 As a result of the doact ive decay of plutomum-241 and 

subsequent m growth of amencium-241, it is llkely that the current raho is closer to 5 1 (DOE, 

1988) Smce amencium produces almost twice the mtemal dose as plutomum (ICRP, 1979), e 
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TABLE 4.1 

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM 

Source Rockwell, 1985b 

' Relauve acuvlty is o b m e d  by mulhplpg the percent by weight by the speclfic achvlty 

Total achvlty for the plutomum isotopes is 

Alpha 0 0732 cunes/gram 
Alpha plus Beta 0 446 cunedgram 

Am-241 daughter from decay of Pu-241 
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deterrmnaaon of its maptude and extent must be accomphshed m order to conduct a 

quanatatlve nsk assessment. Because very few amencium measurements are avadable for 

JHSS 199, its contnbuaon to thls quahtaave assessment cannot be addressed. An exammaaon 

of the possible nsk that amencium presents relaave to the nsk of plutomum has been performed. 
Smce the current land use scenano m&cates that the mhalaaon pathway is the most si@cant, 

the followmg statements can be made 

The cancer slope factor for mhalaaon of plutomum-239 and amencium-241 is s d a r  
(4 1x10 vs 4 Ox10 8, 

Based on conservative assumpaons amencium-241 can be present at an upper bound 
acawty of 20 percent of the current acawty of plutomum-239 

Therefore the mclusion of amenaum-241 would only add an addmonal 20 percent nsk to the 

current use Scenano Since the exposure pathways for the potenaal contarmnants of concern are 

s d a r  and si@icantly more data would be needed to quanataavely assess the nsks associated 

wth these contarmnants, only plutomum wdl be addressed specfically m thls quahtaave nsk 
assessment and in the genenc nsk assessment (Appendm C) Smce a future use scenano could 

mclude residenaal exposure, it is mportant to charactenze potenaal pathways that may transport 

amencium-241 to human receptors A more comprehensive determmaaon of all contarmnants 

of concern wdl be perfmed dunng the scheduled REVRI acawaes 

0 

4 2 QUALITATIVE ASSESSMENT CONCEPTUAL APPROACH 

Smce the pnmary histonc source of plutomum contarmnaaon to MSS 199 has been magated 

by paving of the 903 Pad, h s  assessment is based on the assumpaon that the plutonium present 

at MSS 199 represents the hghest possible concentratlon that wdl be avwlable for human 

receptor mpact. Concentraaons m the sod wdl be reduced over ame by either natural processes 

(sod erosion, vmcal downward mgraaon, fugave dust), or r e d d  acaon (alhng and 

revegetaaon) for the rtmedy mplementaaon and post-remedy scenanos. 

Thls quahtaave nsk assessment uses hazard ranlangs (Secaons 4 5 3 and 4 7 1) instead of 

plutonium concentraaon values, transport equaaons and receptor dose calculaaons to make 

judgments concerning relaave maptude of speclfic medla occurrence, release probabdiaes, 
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potenaal routes of uptake and the ultunate mpact on a human receptor Smce the potenbal 
pathways are the same for pre-remedy implementaaon, and post-remedy, the quahtaave nsk 
charactenzatlon is developed only for the no-acaon current use (Open Space) condmon, but is 
apphcable to all three As &scussed, a genenc quanataave nsk assessment is also mcluded in 
Appendut C, so that the relawe maptude of the quahtaave hazard ranlung can be compared 
wth the numerical maptude of the exposure pathway analysis pmwded m Appendut C The 

relahve Merence m nsk between these three condmons wdl be detemmed when the quanataave 

nsk assessment is conducted. 

@ 

The EPA k s k  Assessment Gudance (RAG) document idenMies the followng four elements for 

a completed exposure pathway (EPA, 1989) 

A source and mechasm of chermcal release to the enwonment 

An enwonmental transport medmm for the released chermcal (an, ground water, etc ) 

A pomt of potenaal human or biota contact wth the contarmnated medum (exposure 
Palm 

A mode of uptake at the exposure pomt (mgesaon, mhalaaon, or dermal contact) 

If any of these elements are absent, there is no resultant human exposure and consequently no 

nsk For the purposes of h s  assessment, the terms exposure pathway and completed exposure 

pathway wdl be used only when all four of these elements are present 

The quahtaave nsk assessment wdl be developed as follows 

Toxlcitv Assessment (Sectlon 4 3) 

The human health nsks associated wth r d a a o n  exposure are bnefly descnbed, with 

emphasis on exposure to plutomum A more ngorous toxicity assessment d be 

performed as part of scheduled RFI/RI aChvlheS once adequate site-specfic data have 
been collected 
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Source Term (Secuon 4 4) 

The source term descnbes the amount and dutnbuuon of contarmnant (plutomum) found 

in the enwonment For MSS 199, the source term corresponds to plutonium 

concentrabons m sod The concentrauon and depth profile of plutonium m the sod affwt 

the magmtude of any release mto other medla 

Exmsure Pathways (SecDon 4 5) 

Potentd exposure pathways for MSS 199 are identified bked on exisung data The 

relauve mportance of any mdnndual potenual exposure pathway is then assessed by 

esumatmg the maptude of potenual exposure, the frequency and durahon of these 

exposures, and the medta-specfic pathways by whch humans potenually exposed 

The magmtudes of potenbal exposures are based upon the sod contarmnauon being a 

contarmnauon source for other medla Mda-speclfic pathways for both the current and 

future land use CondIhons (see Secuon 2 2 1) are quahtauvely assessed in this secuon for 

the= relaave mportance to exposure routes leadmg to human uptake 

Ex~osure Routes (Mode of UDtaker (SechOn 4 6) 

The vanous routes of plutomum uptake by humans and other orgasms mportant to 

human exposure are identified and ranked by relauve unportance to the nsk assessment 

The nsks associated wlth poten~al pomts of human contact are quahtauvely assessed 

based on all idenufied exposure pathways A descnpbon of the behavior of plutomum 

in biologcal systems is mcluded m thrs muon Exposure routes for both the current and 

future land use COndIhOn are quahtatwely assessed m thrs secuon for then relauve 

importance to the nsk charactenmuon 

Risk charactenzauon (Secuon 4 7) 

The elements developed m precedmg sectlons arc combmed mto a site-speclfic nsk 

charactenzauon, whch evaluates the concentrauon of plutomum m each medla, its 

Ilkelhood for transport to other m d a ,  and its Ilkelhood to mpact a human receptor 

based on current land use condluons All potenual exposure pathways are systemaucally 

exammed, and those whch do not meet the cntena of a completed pathway based on 
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current and future land use concbons are elmmated from the nsk assessment In 

addmon, a nsk charactenzahon is presented that quahtahvely assesses the potenad hazard 

to workers and the pubhc d m g  remedd aChOn, as well as the nsk posed by post- 

remedy concentrahons of plutomum-239 

4 3 TOXICITY ASSESSMENT 
The purpose of a toxlcity assessment is to weigh avadable evldence regardtng the potenhd for 

parhcular contarmnants to cause adverse effects in exposed mdmduals and to prowde, where 

possible, an esamate of the relanonshp between the extent of exposure to a contarmnant and the 

mcreased hkehhood and/or seventy of adverse effects A toxicity assessment is rather 

stmghtforward for mhonuchdes, smce the type of effects and the hkehhood of occurrence of 

any one of the number of possible adverse effects from &ahon exposure depends on the 

&anon dose The followmg provldes a bnef summary of human and expenmental m a l  data 

that estabhshes the basic hazards of &ahon exposure A more ngorous toxlcity assessment wdl 

be performed dunng the qUanDtahVe nsk assessment, when addIhond site charactenzanon data 

4 3 1 Hazard Idenuficahon 

The foundahon of any nsk assessment is that two condlhons must be met for a nsk to be present 

1) a hazard (presence of a toxlc substance at a concentrahon where exposure can result in a 

toxicologcally significant dose) must be present, and, 2) exposure (of a receptor) to that hazard 

must occur If either factor is absent, the hazard or the exposure, there is no nsk In simple 

mathemahcd terms, the nsk is equal to the potency (a measure of the hazard) m e s  the effecnve 

dose (a measure of the exposure) 

Hazards assoclated wth chermcals are descnbed toxlcologcally m terms of exposure mode and 

durahon Modes of enwonmental exposure are charactenzed as mhdahon, mgeshon, and dmct 

contact (dermal absorphon) 

In addlaon to these exposure categones, health effects are dwded mto two mam categones 

health consequences that may occur at any exposure level greater than zero (carcinogenicity), and 
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health effects whch wdl not be ehcited unless the consntuent concentranon is above some 

threshold level (non-carcmogens) For h s  site it is assumed that the concentranons present will 

pose a potend of only a carcmogemc hazard to the public, and may be used as the sole basis 
for assessmg the Mation related to human health nsk at h s  site @PA, 1989) 

0 

Because carcmogemc effects axe beheved to be Itllhated at the molecular level, current regulatory 

pohcy is based on the concept that there is no fmte dose or threshold below whch carcmogens 
do not exert a potential effect. In the case of chemicals exhrbiting non-carcmogemc effects, it 

is beheved that orgasms have protective mechasms that must be overcome before the toxlc 
endpoint is d e s t e d  

In determmmg health nsks asmated with chronic exposure to toxlc matenals, two categones 

based on the nature of the health consequences exlst For a l l  health effects associated wth 

chronic exposure to non-carcmogemc toxlc matenals there is some threshold C O x " m a h O n  below 

which the unpact wll not occw, however, there is no threshold concentrahon for carcmogemc 

toxic conshtuents Matenals that are carcmogemc may also mduce other health effects whch 

occur at a lower concentraQon 

In order to evaluate the potential nsks posed by plutomum, it is important to understand the 

toxlcity hazards of radIahon for Mferent exposure routes Ra&Oon is defined as the transfer 

of energy from one place to another Heat, sound, and hght are rdahon but do not carry 

enough energy to break the atomc bonds of molecules, however, iomzmg rdahon, when 

mteracnng wth matter, has sufficient energy to break the atomc bonds of molecules, and 

produce (emt) an ejected electron and a positively charged ion Iomzmg rdahOn may be in the 

form of pmcles or electromagnetic waves 

The pnncipal adverse biologcal effects associated with iomzmg radlahon exposures from 
rdoacnve substances in the enmnment are carcmogemcity, mutagemcity, and teratogemcity 

Carcmogemcity is the abhty to produce cancer Mutagemcity is the property of bemg able to 
mduce genetic mutahon, whch may be m the nucleus of either somatic (body) or germ 

(reproducave) cells Mutanons m germ cells lead to genenc or den ted  defects Teratogemcity 
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refers to the ability of an agent to mduce or increase the incidence of congenital malformahons 

as a result of permanent structural or funchonal demahons produced dmng the growth and 

development of an embryo (more commonly referred to as buth defects) Radlahon may induce 

other deletenous effects at acute doses above about 100 rem, but doses of this magmtude not 

normally assmated wth mhoacave contarmnahon m the enwonment. 

0 

Iomzmg mhaaon causes mj~ry by breakmg molecules mto electncally charged fragments 
(1 e ,  free rad~cals), thereby produmg chemcal rearrangements that may lead to permanent 

cellular damage The degree of biologcal damage caused by vanous types of radIahOn vanes 

accordmg to how spatlally close together the iOIllZahOnS occur Iomzmg radnhons from 

plutonium (e g , alpha particles) produces hgh density regons of iomzatlon For this reason, they 

are called hgh-LET (hear energy transfer) particles Other types of d a h o n  (e g ,  x-rays, 

gamma rays, and beta pmcles) are called low-LET mhahOnS because of the low density pattern 

of ionizahon they produce In equal doses, the camnogemcity and mutagemcity of hgh-LET 

radlahons may be an order of maptude or more greater than those of low-LET radlahons, 

dependmg on the endpomt bemg evaluated The vanabhty m biologcal effecaveness is 

accounted for by the qualrty factor used to calculate the dose equivalent This vanabllity has 
been accounted for in the genenc nsk assessment developed m Appenh C 

4 3 2 Carcinogenesis 

An extensive body of hterature ensts on radIahOn carcmogenesis m man and animals This 

hterature has been remewed most recently by the Umted Nations Scient& Comrmttee on the 

Effects of Atomc Radlaaon (UNSCEAR) and the Nahonal Academy of Sciences Admsory 

Comrmttee on the Biologcal Effects of Ionmng Rahahons (NAS-BEIR Comttee) (UNSCEAR, 

1977, 1982, 1988, NAS, 1972, 1980, 1988) Eshmates of the average nsk of fatal cancer from 

low-LET mhahOn from these studtes range from approximately 0 007 to 0 07 fatal cancers per 

100 rem 

An mcrease 111 cancer mcidence or mortahty wth inmasmg mhaaon dose has been 

demonstrated for many types of cancer m both human popdahons and laboratory ammals 

(UNSCEAR, 1982, 1988, NAS, 1980, 1988) Stuhes of humans exposed to mtemal or external 
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sources of iomvng rdaaon have shown that the mcidence of cancer mcreases with increased 

rdaaon exposure This mcreased mcidence, however, is usually associated wth appreciably 

greater doses and exposure frequencies than those encountered m the envvonment Therefore, 
nsk esamates from small doses obmned over long penods of ame are detennrned by 

extrapolaang the effects observed at hgh,  acute doses Mahgnant tumors m vanous organs most 

often appear long after the d a t i o n  exposure, usually 10 to 35 years later (NAS, 1980, 1988, 

UNSCEAR, 1982, 1988) Rachonuchde metabohsm can result m the selective deposiaon of 

certatn donuclides m specific organs or hssues, whch, m turn, can result m larger d a t i o n  

doses and hgher-than-normal cancer nsk m these organs 

0 

Iommg rdaaon can be considered pancarcinogemc, i e ,  it acts as a complete carcinogen m that 

it serves as both maator and promoter, and it can mduce cancers m nearly any hSSUe or organ 

Rdation-mduced cancers m humans have been reported m the thyroid, female breast, lung, bone 

marrow (leukema), stomach, hver, large InteShne, b m ,  sahvary glands, bone, esophagus, small 

mtesane, wary bladder, pancreas, rectum, lymphaac assues, slan, pharynx, uterus, ovary, 

mucosa of m a l  smuses, and kdney (UNSCEAR, 1977,1982, 1988, NAS, 1972, 1980, 1988) 

These data are taken pnmanly from studres of human populations exposed to high levels of 

mhaaon, mcludmg atomc bomb smvors, underground mmers, ra&m dral punters, paaents 

mjected wth thorostat or d u m ,  and paaents who received hgh x-ray doses dunng vanous 

treatment programs Extrapolanon of these data to the much lower doses that the pubhc would 

be exposed to at MSS 199 is the major source of uncemnty m determmng low-level rdahon 
nsks (EPA, 1989) It is assumed that no lower threshold exsts for racfiaaon carcinogenesis 

On average, approxmately 50 percent of al l  of the cancers mduced by d a a o n  axe lethal The 

h a o n  of fatal cancers is merent for each type of cancer, rangmg from about 10 percent in the 

case of thymid cancer to 100 percent m the case of hver cancer (NAS, 1980, 1988) Females 

have approxmately two ames as many total cancers as fatal cancers followmg rdatlon exposure, 

and males have appromately 1 5 m e s  as many (NAS, 1980) 

Cancer slope factors (CSF) for the m g " I  and lnhalahon of radronuchdes are presented in 

Table B 1 of Appenduc B CSFs are esamated wth mathemaacal extrapolation models, whch 
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extrapolate the effects (cancer mduchon) seen at h g h  doses to potenhal effects at low doses The 
CSFs for nuhonuchdes are consided "best eshmates" whde slope factors for chemcals are 

computed at the 95% confidence level Thls method for determuung nsk wdl be used for any 

signlficant exposue to a ra&onuchde The acceptable cancer nsk range is 1x104 to 1x106 as 

specified m 40 CFR 300 Subpart E 

@ 

4 3 3 Mutagenesis 

Very few quanhtaave data are avdable on rdogemc mutahons m humans, partxularly from 

low-dose exposures Some mutahons are so d d  they are not nohceable, whde other mutagemc 

effects that do occur are s d a r  to nonmutagemc effects and are thexefore not necessmly 

recorded as mutahons The bulk of data suppomng the mutagenic character of iomzmg rdahon 

comes from extensive stuches of expenmental anunals (UNSCEAR, 1977, 1982, 1988, NAS, 

1972, 1980, 1988) These stucbes have demonstrated all  forms of d a h o n  mutagenesis, 

mcludmg lethal mutahons, translocahons, mversions, nondqunchon, and pomt mutahons 

Mutahon rates calculated from these stucbes are extrapolated to humans and form the basis for 

eshmatmg the geneuc lmpact of i o m g  radmtlon on humans (NAS, 1980, 1988, UNSCEAR, 

1982, 1988) The vast majonty of the demonstrated mutahons m human germ cells contnbute 
to both mcreased mortahty and dlness (NAS, 1980, UNSCEAR, 1982) Moreover, the rdahon 

protechon commuty is generally m agreement that the probabhty of mducmg genehc changes 

mcreases hearly wth dose and that no "threshold dose is required to mtlate hentable damage 

to germ cells 

0 

The incidence of senous genehc duease due to mutahons and chromosome abenahons mduced 

by rdaaon is referred to as genehc detnment Senous genehc cbsease mcludes inhented 111 

health, handxaps, or dsabhues Genetlc dsease may be madest at buth or may not become 

emdent untd some hme m adulthood. Rdahon-mduced genehc detnment includes lmpaument 

of Me, shortened Me span, and mcreased hospitalizanon The frequency of &anon-mduced 
genetx impaument is relatwely small m companson wth the magmtude of detnment associated 

wth spontaneously ansmg genetic dseases (UNSCEAR, 1982, 1988) 
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4 3 4 Teratogenesis 

Rdahon is a well-known teratogemc agent The developmg fetus is much more sensitive to 

&ahon than the mother The age of the fetus at the time of exposure is the most mportant 

factor in determmng the extent and type of damage from d a b o n  The malformations produced 

m the embryo depend on whch cells, tissues, or organs ln the fetus are most actively 

ddferentiaung at the tune of d a t i o n  exposure Embryos are relanvely resistant to ra&ation- 

mduced teratogemc effects dunng the later stages of thew development and are most sensitive 
fmmjust after rmplantanon unhl the end of organogenesis (about two weeks to eight weeks after 

concephon) (UNSCEAR, 1986, Brent, 1980) The bmn appears to be most sensitive dunng 

development of the neuroblast (these cells eventually become the nerve cells) The greatest nsk 

of bmn damage for the human fetus occurs at 8 to 15 weeks, which is the time the nervous 

system is undergoing the most rapid Merenuation 

4 3 5  SUmmaIv 

In general, there are two bstmct human hazards presented by raation, those of external and 

mternal d a t i o n  exposure External rdaaon exposure is due m l y  to gamma ray emssions 

from rdoacave decay Although plutomum and amencium do produce x- and gamma rays, they 

are very weak and only compnse a small percentage of the total energy ermtted Therefore, h s  

nsk assessment does not consider external rdation exposure as a hazard from MSS 199 

Plutonium does, however, present an lnternal d a t i o n  hazard, pnmanly from lnhalaaon The 

mhalation of plutomum or amencium can lead to the depositlon and retention of rdoactiwty in 

the lung, and produce conhnual, locahzed internal machation of lung and other body tiSSUeS for 

extended pen& of tune 

@ 

The followmg summanzes the mportant propemes of plutomum 

Physical half-Me 2 44x10' years 
Sources used m nuclear weapons 
Pnncipal modes and energes of decay, m d i o n  electron volts (MeV) 
(11%) 5 13 (17%) 5 15 (73%) 

alpha 5 06 

Special chermcal charactenstics member of the actmde senes of rare-earth elements 
Forms msoluble fluonde, hydromdes, and omdes Oxl&zes rapidly on exposure to au to 
form plutonium &ox& (PuOJ 
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CnhCd Organs bone (soluble), liver 

Atomc number 94 
Physical form sdvery-whte metal 
Meltmg pomt 680°C 

Plutonium is pnmanly an alpha pamcle ermtter An alpha pmcle is essentrally a helium nucleus 

wthout orbital electrons It is composed of two protons and two neumns wth a charge of plus 

two Smce these alpha pamcles have a relatively large mass and +2 charge, they react strongly 

wth matter, and create a large amount of iOIllZatiOn 111 a very short &stance However, even 

alpha parhcles wth the high h e t i c  energes of plutomum travel only about 1 6 inches (4 cm) 

m sur, and can be stopped by a piece of paper, or the outermost layer of dead slun Alpha 

particles therefore do not present an external exposure hazard. These same properhes do however 

produce much more cellular damage than an equvalent amount of gamma energy, if both alpha 

and gamma are mtemally deposited. The range of penetraoon of a plutomum alpha pmcle in 

tissue is approxmately 100 um (3 9x103 m), m&catmg that an alpha pmcle retamed m the body 

wdl deposit 100 percent of its i o m g  ra&aaon to locahed tissue The concepts developed m 
this secoon descnbe the vanous ways plutomum can enter the body (exposure routes), and the 

relative nsk of each mode of uptake For the purposes of this quahtatlve nsk assessment it is 

assumed that the msoluble form of plutomum, plutomum &om& (PuOJ, wdl be the predomant 

rdonuchde avdable for biologcal uptake Th~s assumpaon is based on a vanety of studes 

(Eisenbud, 1987, Bw, 1973, Mcclellan, 1972, Romney, 1972) that m&cate plutomum wdl 

om&ze m an enwonmental semg and thus form msoluble compounds The calculaoons 

performed m Appendm C, however, use the conservative EPA HEAST values that correspond 

to a more soluble form of plutomum (plutomum mtrate) Charactenzaoon of the actual solubhty 

form of plummum wdl be accomphshed durrng the RI 

4 4  SOURCETERM 

The mihd step of h s  assessment mvolves data evaluaoon of the some term at the remdal 

acreage at MSS 199 For purposes of this nsk assessment, the potenoal source term is taken as 

the plutomum-contammated surface sods of the remedy acreage fistoncal ra&ologcal site data 

relevant to a human health evaluaoon were collected from DOE and CDH sources (Appendm D) 
These data were evaluatexi for the concentration of plutonium present in m d a  m e  accuracy @ 
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I wth which the source term is charactenzed is the pnmary deterrmnant of the ultlmate valilty 

I 

of a nsk assessment /. 
An exammaaon of the avadable data for IHSS 199 has been performed and is presented m 
Appendm A The exammaaon mdrcates that sod samplmg has not occurred throughout IHSS 199 

and that, m some cases, the quanntanon h u t s  and detectton huts  for analyses whch have been 

perfoxmed were not mcluded m the referenced documents 
published data have not been through a ngd Quallty Assurance/Quallty Control (QNQC) 

analysis It is also evldent that samplmg procedures for all medra have Mered between vmous 

sampling agencies In addmon, there is some uncermnty as to the extent of the plutomum 

contarmnaaon Both the extent and the magnitude of the source term wdl be charactenzed d u g  

the RFVRI acaviaes Because of these uncemaes, a numencal value cannot be assigned to 

the source term at MSS 199 wth any cemnty Analysis of exlstmg data indrcate that the 

plutonium concentraaons average less than 5 pCdg represenang the hghest average concentraaon 

from the seed report, whxh may mclude some on-site sample pomts Table 4 2 summanzes data 

from sources provlded m Appendur D The reader may compare the values found in Table 4 2 

to the calculated nsk from exposure to 1, 10, and 100 pCdg, found m Appendur C and also 

compare these values to the exlstmg background level of plutomum found throughout the United 

States of 0 2 pCdg P A ,  199Ob) Secaon 4 14 drscusses addmonal data needed for a rehable 

detemnanon of IHSS 199 source term to support a quanntanve nsk assessment 

It is beheved that most of the 

@ 

4 5 POTENTIAL EXPOSURE PATHWAYS 

The identlficanon and assessment of exposure pathways is accomphshed by charactennng all 

potenml contarmnant release mechasms which may conmbute to a completed exposure 

pathway to human and enwonmental receptors The release mechasm analysis evaluates the 

possible mgranon of the chemcals of concern, takmg mto account thev physical and chemcal 

properues that affect enwonmental fate m the vmous site medm firtam site charactensacs 

such as hydrogeology, meteorology, sod orgmc carbon, c h t e ,  and vegetanve cover, etc may 

also have a significant mfluence on the mgratton potennal Current and future use of the site 

(residential use, f m g ,  grapng, use as open space) may also deterne the current and future 

exposure scenanos 0 
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TABLE 4.2 

1977 006-77 

1985 003-56 

1970 001-110 
1971 003-301 
1972 002-25 1 
1973 003-038 
1974 002-127 

SUMMARY OF M S S  199 HISTORICAL PLUTONIUM IN SOIL DATA 

155 22 1, 7 

1 70 24 

1 2  13 1, 2.4 
26  13 1, 2.4 
2 1  13 1 . z 4  
0 12 5 1. 2 
1.2 13 1. 2.4 

Data Source 

'Plutomum m Sod Around the Rocky Flam Plant," by P W 
bey and E P Hardy. 1 August 1970 (m D, 

'Committee E v d ~ o n  of Plutolllum Lev& m Sod W i h n  
md Surroundmg USAEC Installptlon st Rocky Flats, 
2olorado " by J R Seed et al  $ 9  July 1971 (Appmdlx D, 
)oclrment D2) 
'Sod Samphng East of I n h  Avenue," by R W Loser 
md R L Tibbals, 29 November 1972 (Appenh D, 
hument D-3) 
'Results of specid sod Samples collected Adjacent to the 
locky Flats Plant Site," by C T Illsley, 7 September 1977 
revued 30 Novemk 1979) (Appardu D, Document D-4) 

-- 
)ocMlant D-1) 

'Rdoacuve Sod Contammahon (Cesium-137 and 
'lutoluum) m the Envmment Near the Rocky Flats 
b l e a r  Weapons Plant," by CDH, September 1977 
Append~x D, Docummt D-5) 
Plutomum Concentratmns m Sod on Lnds Adjacent to 
he Rocky Flam Plant," by C T lllsley and M W Hume, 16 
rlarch 1979 (Appenh D. Document D-7) 
'hclosure to the City of Broomfield," by Rockwell 
ntemahonal, 22 January 1985 (Appemhx D, Document D- 
1) 
Sod Sample Collemon and Analyma for Plutoxuum on 
ands Adjacent to Great Western. Rarervov for the City of 
s room field," by C T Illsley, 15 January 1987 (Appendm 

Remedal Achon Program on Jefferson County Open 
ipace Land m &chon 7, T2S. R69W. South of Great 
Hestem Reservoir," by C T Illsley, 15 October 1987 

Rocky Flats Surface Sod Survey, 1970-1989," by CDH, 
zebruary 1990 (Appedx D. Document D18) 

1, Documat D-9) 

Appendu D, W e n t  D-11) 

Data amtamed m tlus report are mcluded m 
the 1970-1989 CDH rcport (Document D-18 below) 

0 0093 42 

006-7 7 1.2.6 

0 04-3 8 7-T 

I I I 

1975 0014301 1 1  I 10 I 1.2 
1976 002-350 
1977 003-420 
1978 003-0.25 009 

1980 001-3 1 03 1, 2 
1981 018-22 03 12 1. 2 

I I I 

1986 001-15I 0 2  I 13 I 1.2 
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TABLE 4.2 

SUMMARY OF M S S  199 HISTORICAL PLUTONIUM IN SOIL DATA 
(conhnued) 

COMMENTS 

1 
2 
3 
4 

5 

Data do not meet EPA useabdity cntena for nsk assessment (see Appendm A) 
Values ongnally expressed m dpdg, converted to pWg usmg 0 45 muhplier 
Included multiple analyses by vanous laboratones, some data points have muhple values 
Some data pomts axe wtlm the present RFP boundary, sample locations are not defined 
clearly enough to separate these from data pome outside the RFP boundary 
Document lacks adequate descnphon of samplmg and andyhcal methodology and 
contams mconsistent defmhon of sample locaaons Because conversion of mcl/kmz to 
pCdg q w s  detaded knowledge of methodology and pmpemes of the medmm sampled, 
h s  conversion could not rehably be performed, however, reported values appear to be 
much hlgher than those recorded m other sampling programs m thls area Very low 
confidence in these values 
Document presents hlgh, low, and average values from B m d i e l d  remedy acreage 
samplmg between 1977-1985 
1977 data do not mclude B m d i e l d  remedy acreage 

6 

7 
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A prelirmnary descnphon of the exposure pathway should answer the followmg queshons 

Where, when and how wdl the release of the toxfcant occur3 
What is m the lmmecfiate wcinity of the release? 
What is the quanaty, physical state, and chemtcal idenhty of the released matenal? 

Agm,  an eX=ahOn of the data presented m A p p e n b  A concludes that the mfonnahon 
necessary to perform a ngorous exposure pathway charactenzahon was not contatned m any of 

the exfshng reports Although answers to the above qUeShOnS cannot be obmned from the 

exfSMg mformatlon, it is possible to rdenhfy Uely site-specfic release mechanisms and transport 
m d a  based on the genenc nsk assessment presented m Appenduc C Charactenzatlon of all 

potentlal exposure pathways wdl be performed d m g  the RFI/lU acawaes 

4 5 1 Idenaficahon of Potenaal Release Mechanisms 

Potenaal pnmary and secondary release mechamsms of plutomum from sod at MSS 199 are 

idenhfkd m the conceptual model as shown m Table 3 1 and Figure 3-1 The potenhd pnmary 

release mechamsms mclude 

Fugmve dust from wmd erosion and recreahond use 
Surface water runoff 
Water mfiltrahodpercolahon 
Biohc uptake 
Traclang by msects, brds and animals 

a 

I The potenaal secondary release mechamsms mclude 

Resuspension of settled dust 
Duect fugmve dust 
Settled dust -- plants 
Settled dust -- sod (leadmg to possible mbome dust) 
Settled dust -- water 
Biotx uptake of surface water 
Surface water deposiaon 
Surface water rmganon 
Surface water mfiltrah0n 
Surface water evaporahon leadmg to possible avborne dust 
Ground water seepage 
Ground water pumpage 
Biomagnficahon 
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4 5 2 Identdkaaon of TransDort Medla 

A physical exammaaon of MSS 199 and a nwew of avadable hlstmcal data for the current use 

of the site mdlcate that potenaal transport medla for plutomum to leave the MSS 199 areas are 

au, surface water, groundwater, and biota (Figure 3-1) The pnmary transport medla would also 

be the same for a future use scenano of remedml achOn or post remedy remedd achon 
Numerous possible pnmary release mechanisms are hsted above, but it is the release of fughve 

dust from surface sods that can cause the greatest -act on the secondary transport medla of 

an The followmg dlscussion promdes a more detiuled deSC!!IphOn of the generahon of fughVe 

dust and some descnphon of the surface water runoff, ground water, and biohc uptake transport 

mechanisms at MSS 199 

4 5 2 1  soli 
The general pnnciples of atmosphenc fate and mobhty of plutomum are descnbed m 
Sechon 3 2 1 However, a further explanahon of atmosphenc transport parameters is offered m 
h s  sechon because lnhalahon and mgesaon of plutomum parhcles from the remedy acreage is 

considered to be the most probable means of human exposure adjacent to the site The pnncipal 

mode of transport of plutoIllum particles is dtrect a n b e  movement from the MSS 199 source 

area, either by uphft or pmcle Impact, or by resuspension of prewously deposited small parhcles 

by wnd achon or other dlsturbances P A ,  1990b) It 1s Important to understand the mechamsms 

of contamtnant transport before considenng the COrrectlVe achons needed to reduce or elmmate 

transport To quantttahvely assess the enwonmental unpact and human health nsk resultmg 

from the contammatton under pre-remedy, remedy lmplementahon and post remedy condmons, 

addIhOnd sod and meteorologml data speclfic to the site wdl need to be collected as part of the 

RFI/RI achwhes (Sechon 4 14) 

Dlrect aChOn of 81r movmg past a parhcle may exert enough force to accelerate the parhcle, 

causmg it to roll along the surface or to be Mted up and moved m the an stream A second 

mechanism of mhatmg parhcle movement can also be 1Illhated through the lmpact of a.uborne 

parhcles wth pamcles on the &round, Pmcles on a sohd surface whch have chemcal and 

physical propemes Merent from the base matenal have cohesive attrachon to the substrate For 

resuspension to occur wth h s  scenano, the force on the pamcle must be equal to or greater than 
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the force holdmg the parhcle to the surface Several factors are known to influence parucle 
cohesion 

parhcle matenal 

shape 
surface roughness 
relative hurmdlty of the ambient an 
presence of electrostanc charge 
nature and physical charactenstics of the substrate 

slze 

The pnmaxy meteorologml factors whch mfluence the suspension of matenal from ground 
deposits are wmd and ground surface moisture The amount of matenal that can be carned m 

the an currents is dependent on the density, velocity, and wscosity of the an 

Parhcles that are dlslodged from the ground surface can then move m three ways suspension, 
saltation, and surface creep Suspension occurs when upward wmd W e s  counteract free fall, 

allowing transport of the parhcle at the average forward speed of the wd. These parhcles are 

generally less than 0 05 m e t e r  (mm) m dlameter and are redeposited wa m o u t  or by grawty 

after the wmd subsides Pamcles between 0 05 mm and 1 0 mm in hameter move by a senes 

of short bounces called saltation Larger pmcles greater than 1 0  mm m dlameter can roll 

and/or slide along the surface m what is called surface creep @PA, 199Ob) Particle movement 

predormnantly occurs by sdtahon Successful revegetation of the contammated acreage can 
reduce all three methods of pamcle transport 

0 

Due to the elapsed nme smce the last known releases to MSS 199 from RFP (1970), it can be 

assumed that any free plutomum, (1 e , that avadable for an transport in the sod enwonment) has 
been subject to weathenng and agmg Krey and Hardy (Appendix D, Document D-1), Whicker 

et al (1974) and general textbooks (Wick, 1967) support h s  statement concemg the behawor 

of plutomum 111 the envmnment. Thus, the deposited plutomum is assumed to have become an 

mtegral part of the surface sod, and that it behaves accordmg to the concepts developed for sod 

erosion Addmonal stu&es are needed to venfy h s  assumption Among the parameters whch 

most mfluence the movement of sod by wmd are the space and tune vanation of the sod partlcle 

size dlsmbution However, smce plutomum is generally found m an agglomeration wth soil, it 0 
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is much less hkely to be avadable for depositlon m the lung Ganger, 1986) Nevertheless, the 
conservaave assumpbon of both h s  qualitaave nsk assessment and the genenc nsk assessment 

(Appendx C) is that all wbome plutonium is of a respmble paracle size 
0 

It is very hkely that fixaaon of the plutonium has occurred at IHSS 199 through all of the above- 
descnbed processes, and that the fixed matenal is dspersed m a surface layer several centuneters 

deep As such, smce enwonmental condmons produce COnhnUOUS changes m surface layer 
charactensncs, a sunple relanonshp between wmd speed and the resuspend& matenal has httle 

vahhty However, data are avadable that mhcate a resuspension factor of 10" to 10 * per meter 
(m ') for a fme powder from p m e  terram at measured wmd speeds of approxmtely 2 2 to 45 

mph (1 to 20 dsec) Resuspension factors approximate 10 lo per meter at 2 2 mph (1 dsec), 
and mmase rapidly to 10' per meter at 11 2 mph (5 d s e c )  where they appear to reach a plateau 
(Rockwell, 1985b) 

An average wmd speed of 9 mph (4 d s e c )  is stated for RFP (DOE, 1980) The Rocky Flats 

k s k  Assessment Guide (Rockwell, 1985b) uses a resuspension factor of 10" m for reentraned 

sod This value is an order of magmtude lower compared to values dwxssed in Secaon 3 0 for 
MSS 199, whch is mhcatwe of the hfferent type of vegetaave cover present at MSS 199 

Even though ten ames more surface sod may be reentraned at MSS 199 than for a s d a r  sized 

plot of undeveloped land at RFP, the potenaal impact on human receptors appears low, based on 
measurements by au samphg devrces downwmd of IHSS 199 The EG&G Operaaonal Health 

Physics Group performed aw samphg at selected locaaons on and around MSS 199 Results 

were obtamed for the penod of June 22, 1987 through December 4, 1987, dunng whch ame 

m g ,  dlscmg, and seedrng were conducted on the remedy acreage (Appendw D, 
Document D-13) The a u b e  plutomum concentraaons ranged from zero to 0 009778 pWm3 
wth an average value of O oooO14 pCl/m3 The average a u b e  COnCentrahOn is far below the 

CDH hmt  of 0 02 pCl/m3 for pubhc exposure to plutomum Even the m u m  concentraaon 

measured is below the standard by 50 percent 

0 

Figures 4-1 and 4-2 represent 1989 populaaon dumbuaon m 0-5 d e  and 10-50 d e  sectors, 

respecavely, from the RFP Overlam on these figures is a wmd rose showmg vanaaons 111 wmd 
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speed and velocity around the RFP based upon 1989 meterologcal data. These figures help to 
show populatlons around the RFP potentlally at nsk of exposure from wndbome dust from 

MSS 199 Demled charactenzahon of populahOnS at nsk of exposure wdl be conducted under 

scheduled RFURI achvmes 

In addmon, a number of fned enwonmental momtonng w samplers are located m the general 

downwnd duechon some &stance from the remedy acreage Table 4 3  promdes the yearly 
results of avbanrt levels of plutomum and Figure 2-6 places these sample locahons relahve to 

the RFP and IHSS 199 The results m&cate that neither the current con&hon nor previous 

rem&al achon has caused an mcrease m anborne plutomum concentrahons measured at these 

sample lOCahOnS These results are below many reported values of ambient aubome 

concentratlons of plutomum taken throughout the Umted States (Eisenbud, 1987, EPA, 1990b) 

For companson purposes, it is noted that the average radon concentrahon in the Umted States 
is 110 pWm3 (NCRP, 1987) 

4 5 2 2 Plutonium UDtake 111 the Food Cham 

As descnbed m Secnon 3 0, plutomum forms relahvely msoluble compounds m the enwonment 
and is therefore not generally considered ecologmlly mobde (Eisenbud, 1987) Smce plutomum 

has no known biologcal funchon, it can only be passively mcorporated mto organums, manly 
by physical processes such as surface contact, mhalahon, and mgeShOn of plutomum adsorbed 

to the surfaces of plants and zooplankton The genenc nsk assessment m Appencllx C does take 

mto account food cham transfer and fohar deposihon of plutomum leadmg to human uptake It 

is not hkely, however, that current land use condthons (open space) could produce off-site food 

cham transfer 

As a general rule, mhoisotopes present m sod sedments can pass mto the mot system of plants 

m the same manner as nodoachve  isotopes of the same element. The element may or may 

not be r e q d  for normal metabohsm, and some elements (e g , iodme, cobalt, urmum, and 

radmm) are known to be present m plants although they serve no metabohc functlon However, 

hterature revlewed indtcates that even when plutonium has been apphed 111 a water-soluble form 
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a 

1986 
1987 
1988 

TABLE 4.3 

Deep Plowlng 0000003 0000003 0000002 
Revegetation 0000003 0000002 0000003 
Revegetation 0000003 0000001 0000004 

PLUTONIUM AMBIENT AIR MONITORING DATA 
YEARLY AVERAGE (pCi/d) 

LOCATION II 

Source A p p e n h  D, Document D-17 
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and rmxed mto surface sod, plutomum is strongly excluded from uptake m the fvst crop plants 

grown on that plot The relauve concentrahon factor expressed as parts per d l i o n  rn dry plant 

matenal/part per d o n  m dry sod has been measured at less than 0 01% for plutomum (Menzel, 

1965) TIUS value has been rephcated m a study of sheep granng m a marsh estuary near 

Sellfield, England (Ham, 1989) 

Rdoachve substances can pass h c t l y  to the food cham by fohar depoSihOn The radlonuchdes 

may then pass dvectly to @azmg mmals or man as superficial CO~t t i rmnahOn,  or they may be 

absorbed metabohcally by the plant from its fohar surface The sigmfkance of plant surface 

contarmnahon vanes wth the growmg season, smce the potenhal nsk due to dvect COntarmnahOn 

of crops is obvlously greater just before a harvest or dunng achve grazmg by stock anmals 

Conversely, the potenaal nsk may be lowest m urlnter months when there are no standmg crops, 

although it is possible that even dunng these months duect fallout on the basal structure of 

grasses in permanent pastures may be stored untd the followmg spnng Retenhon of th~s type 

wdl be greatest for plants that develop a mat of basal parts, old stems, and surface roots 

The si&icance of fohn contarmnatlon of plants wdl also depend on the structure of the plants 

and the role of the vanous parts of the plant m relahon to the &emg habits of man Wheat 

plants have a shape that tends to maxlIlllze entrapment of settled fughve dust Other cereal 

grsuns and grasses also have relahvely high fohar retenhon Foliar contarmnahon also can be 

removed by ram, other weathenng effects, and by drymg and droppmg of plant parts (field loss) 

Chamberh (1970) has e m e d  data from a number of mveshgators and found the field loss 

dunng the growmg season to be about 0 05 percent per day Potenaal f o h r  contammahon at 

MSS 199 d be addressed under scheduled RFI/RI achvlhes 

4 5 2 3 Surface Water 

Thls transport medla for p1utomw.n depends almost totally on the amount of sod erosion by ram 
at IHSS 199 smce the solubhty of plutomum is so low The most stable form of plutomum in 

the pH range generally encounted m natural waters is PU(OH), (Andelman and Rozzell, 1970) 

Thls hydromde has been reparted to have a solubihty product constant of 7~10%  whch is 

mdxahve of a hgh degree of msolubhty (Taube, 1964) Once plutomum contammated sod is 
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picked up by surface waters, plutomum could mgrate along slopes and dramage on-site There 
are no perenmal surface waters located at MSS 199 It is also possible that heavy ram could 

cause pmculate matter contauung plutomum to move some &stance, be redeposited on the soil, 
and create avadabhty for fugiave dust wmd erosion Numerous stuhes have documented that 
surface runoff can cause plutomum to mgrate, albeit a very short &stance Thls probablllty of 

occurrence is low to moderate, smce all 350 acres (142 hectares) do have some form of 

vegetaave cover The hkehhod that thls transport me&a would produce an unpact on a human 
receptor is negirpble at IHSS 199 because of the lack of potentlal human contact wth runoff 

sedunent However, some mgraaon of plutomum from MSS 199 to the adjacent reservom may 

be occumng as a result of erosion processes This potennal pathway wdl be charactenzed dunng 

the RFVRI stage 

@ 

4 5 2 4 Ground Water 

Ground water momtonng wells have been mstalled and sampled downgmbent of the RFP, but 

not d o w n w e n t  of IHSS 199 Plutomum has been detected (mconclusively) one tune at the 

RFP (in Well 4-86) Thls is almost exclusively due to the fact that plutomum is not very soluble 

rn water, and mstead is hghly adsorbed to clays and other sod pamculates The probabihty of 

plutomum transport m ground water through infiltraaon/percolaaon is therefore believed to be 

neghgrble Site-specfic ground water charactenzanon data wlll be r e q u d  to conduct the 

quantltatlve nsk assessment 

0 

4 5 3 Potennal Ex~osure Pathways at IHSS 199 

Potentlal exposure pathways are hscussed m thls sectlon Figure 3-1 idenflies all of the vanous 

potentd transport medla whch e m t  at IHSS 199, along wth  thelr associated pnmary and 

secondary release mechmsms Secaon 3 0 also descnbes plutomum fate and mobhty m the 

envlronment, and concludes that for con&tlons at MSS 199, plutomum is hghly msoluble in 

ground water and surface water, and bonds strongly to sod surfaces As stated prewously, a 
completed exposure pathway must exlst for a hazard to be conveyed to the receptor Many of 

the potentlal transport medla and release mechmsms identrfied thus far do not form a completed 

pathway, and therefore do not pose a nsk to human health The only c d b l e  completed 

exposure pathway based on c m n t  land use for MSS 199 is shown m Figure 4-3 If future 
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residenhal home construction occurs at IHSS 199, the addmonal pathway of rngesuon of sod and 

foodstuffs would be added to the exposure pathway as dustrated rn Figure 4-4 Although other 

pathways m addressed m ttus report for the sake of completeness, they aze not considered in the 
deterrmnauon of quahtauve nsk However, all potenual pathways wll be charactenzed dunng 

the FWRI stage. 

0 

Pnmary and secondary release mechamsms for the current land use Scenano are grouped wth 

transport medla (Table 44) to determme thelr probabhty of transporhng plutomum rn the 
enwonment based on the followmg probablltty ranlang 

1 Hxh -- histonc records or physical charactensucs of MSS 199 mhcate that plutomum 
has a hgh probabhty of berng released by ttus mechamsm or transported by thls 
medfa 

2 Moderate -- a possibhty emsts that plutomum may be =leased by h s  mechamsm or 
transported by thrs &a @borne, fugmve dust, surface runoff) 

3 -- the Irkelhod 1s that ttus release mechmsm or transport medla does not 
prowde any sigruficant possibhty of release or transport rn the enwonment (fugtwe 
dust) 

4 Neghglble -- all h s tmc  data and physical charactensbcs of plutomum inhcate that 
h s  is not a c d b l e  release mechanism or transport pathway for plutomum (ground 
water, surface water, biouc uptake) 

4 5 3 1  &xJ 

Much of the sod data rewewed mhcate that natural processes such as biologcal acuwty, 

weathenng and percolauon wdl cause plutomum to move vemcally downward m the top few 

centmeters of the sod column, but that sod charactensucs and plutomum properhes wdl h u t  

the depth of mgrauon S m o n  3 0  of ttus document descnbes some of the factors most 

mportant to plutomum transport m sod One of the most mportant factors is the dstnbuuon 

coefficient 0 This term reflects the abhty of ions and molecules to adhere to solid surfaces 

The f i e  pamcles of sod and sedunent have enormous surface areas relauve to the= volumes, and 

carry electnc charges Ions and molecules can bond to these surfaces by forces that range from 

those due to weak residual electnc charges to strong chemcal bonds Typical I& values 

(wtless) for plutonium Id to Id rnhcaung its hgh potenual for lmmobdizauon by sod 
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(Allard and Rydberg, 1983) 

transport of plutonium in the enwonment 
"hs  has an important beanng on assessment of the fate and 

Although plutomum is relauvely mmobde m the sod enwonment, it can be physical transported 
wth dust parbcles The concepts of sod reentramment m an for MSS 1 9 9  were dlscussed m 
Secuons 3 0 and 4 5 2 1 One si@icant factor is that reentrauunent for the RFP is estmated 

to be 10" m ', whde reenmunment for IHSS 1 9 9  is calculated to be 1 0 - 1 8x109 m ', almost 

an order of maptude lllgher (Appendut D, Document D-8) "Ius may be attnbuted to the 
reduced vegetahve cover of the area. 

As stated prewously, the exlstmg data are hmted m areal and verhcal coverage, and probably 

would not wthstand QNQC vahdahon However, these data do provrde an mdxauon of the 

plutonium concentrahon present m the soils Sod samphg at MSS 199 was performed dunng 

1977 and 1985 (Appendm D, Document D-10) The results mdlcated a decrease m plutomum 

concentrauon m 1985 versus 1977 for all samples m the survey The decrease was attnbuted to 

the weathemg of the sod and veracal rmgrauon of plutomum m the sod However, these results 

appear inconclusive because (1) the 1985 survey took one sample per 10 a m s  (4 hectares) 
compared to one sample per 0 2 acre (0 08 hectares) 111 1977, whch averages to 50 samples per 

10 acres, and (2) Mferent analpcal laboratones uthzmg Mferent d o c h e m c a l  procedures for 
plutomum extracuon and COunMg were used. 

0 

The concepts developed m this document mdlcate that the sod pathway for MSS 199 soils can 

produce fugtwe dust from wmd erosion, leadmg to an lnhalauon exposure route for a human 

receptor The dvect au pathway, as well as dust resuspension after redeposiuon on the soil, wdl 

be remned 111 thrs quditahve nsk assessment. 

The followmg sod pathway wdl be elmmated for the current land use scenano smce mgestlon 

is not a credrble pathway for plutomum exposure at &us MSS 

Suqtbce Soil + Direct Ingestion 
Suvace So& -+ Fugitive Dust + Air + Settled Dust (to Soil) 

Surface So& + FuBtave Dust -+ Air -+ Settled Dust (to Water) 
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Current land use conhtlons on the remedy acreage preclude the dmxt sod ingesuon pathway due 
to restnctlons on land use The genenc nsk assessment developed m Appendx C indxates that 

for a recreauonal use scenano the mhalatlon pathway produces almost all of the dose to 

mdrviduals rccrtaung at thls MSS, wlue the mgesuon pathway produces a neghgble component 
of the total nsk Figure 4-3 mdrcates that the inhalauon exposure pathway is retamed for current 

land use condrtlons 

0 

There is a possibhty that residenual home construchon could occur at MSS 199 at some future 
date In thls case, aa t lona l  completed exposure pathways are possible All potentlal pathways 

wdl be charactenzed dunng the RI 

As shown m Figure 4-4, a future midenual land use scenano would retain the inhalatlon 

pathway, the dmxt sod mgesbon pathway, and the fohar depositlon/foodstuff pathway 

4 5 3 2 Surface Runoff 

The only d b l e  release mechmsm mvolvmg surface runoff would be surface runoff caqang 
suspended plutonium pamcles that subsequently deposits these sods in a dry area Only in this 
manner could fugmve dust be generated by wmd emsion Thls pathway is not lrkely to produce 

any measurable amounts of u b e  plutonium due to the low actlvity present in the sod and the 
charactenstlc unmobhty of plutomum m the enwonment. Ingestlon of contammated water, and 
biouc uptake of contammated sedments from surface runoff is possible, but its conabutlon to 

the overall nsk is neghgble Therefore, it wdl not contnbute to a completed exposure pathway 

and w11 not be retamed m thls nsk assessment The followmg surface runoff pathways will 

therefore be elmmated for MSS 199 

Sutfkce Soils + Surface Rune#+ Sutface Water + Biotic Upfake 
Surface Sods + S u ~ a c e  Runofl- Sur/ace Water + Deposition 
Suifbce Soils -+ SuMbce Runon + Su@ace Water + Irrigation 

Surface Soils + SurJace Runoff + SurJace Water + Infltrabn 

However, areas of obwous surface water dramage wdl be charactenzed dunng the RFVRI to 
vahdate or refute this conclusion 
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4 5 3 3 Ground Water 

An extensive system of ground water momtomg wells has been mstalled on the RFP The well 

locahons were selected to momtor ground water in background areas, m areas where potentlal 

contarmnahon mght be expected, and downgradtent of potential contarmnant sources Well 
locahons mclude areas near holdmg ponds, evaporaaon ponds, and creek beds Momtonng wells 
m the buffer zone along the eastern boundary of the FtFP have been sampled, and only one 
mstance of plutomum levels above background was detected in any of the wells Thls suggests 
that the sousdment  column IS a good mehum for bmdmg plutomum and preventmg it from 

reachmg ground water Although no h t  samphg data are avdable concemg plutomum 

transport from the land areas of EISS 199 to ground water, it can be infemd from the RFP on- 
site data that th~s pathway wdl llkely not contnbute to a completed exposure pathway Therefore, 

consideratlon of the followmg pathway wdl be elmmated from the quabtatlve nsk assessment 

0 

Surjiace Soils + InjiltmtwdPercolabon + Ground Water + Seepage and Pumpsage 

Site-spec& data w11, however, be collected for MSS 199 dutrng the RFIDU to confim that tius 

is not a vlable pathway e 
4 5 3 4 Biotlc Uptake 

Due to the msoluble nature of plutomum, its uptake m the biota by transport through the food 

cham is not hkely Inhcator plants and ammals located on the RFP have been idenflied, 

sampled, and found to contam normal background ranges of plutomum (CSU, 1974) However, 

no samphg site speclfic data concermg biotic uptake at MSS 199 is avdable Insects are also 

a potenad source of bioaccumulatlon, but no samphg data are avdable that provide the mults 

of potentlal bioconcentrat~on Frame dogs heady populate MSS 199, and theu b m w n g  

aCtlvlheS produce a verhcal recfistnbutlon of the plutomum m sod Thls actlvlty enhances " U n g  

acbon" and effectwely ddutes the plutomum concentrahon m sod (Wmsor, 1980) However, this 

p m e  dog actlvlty negatlvely mpacts the success of the RVegetahOn effort. No samphng data 
are avdable that descnbe plutomum uptake and bioaccumulatlon by these prame dogs In 

summary, there is no sigtllfcant evldence of bioaccumulatlon through succeedmg trophlc levels 

smce metabohc hscnrmnatlon usually acts agrunst the biouptake of plutomum P A ,  1990b) 
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The hterature =viewed for thrs document (Secaon 6 0) mhcates that bioac uptake for plutonium 

leadmg to a human receptor is hghly m e l y  at MSS 199 based on current land use condmons 

Therefore, the followg pathway wdl be elmmated from the quahtaave nsk assessment 

Surfixe Soils + Bioiac Uptake + Biota 

A future use scenano of residentlal home construcaon would retam thrs pathway and has been 

mcluded m the genenc nsk assessment in Appendur C Fohar deposiaon on g r a m g  lands and 

home gardens could potennally provide a completed exposure pathway and contnbute a 

si@icant percentage of the total nsk posed by the site, as developed in the genenc nsk 
assessment. 

4 5 3 5  Traclang 

Trackmg (transport and redeposiaon) of plutomum by orgamsms hvlng on or rmgraang through 

Mss 199 is considered msigmfkant for the transport of plutomum when compared to movement 

by wmd The followmg pathway wdl therefore be ehnated from further consideraaon 

Surface Soil -+ Tracking 

4 5 3 6 Recreauonal Use 

Jefferson County has Wcated its 250 acres (101 hectares) of MSS 199 to the Jefferson County 

Open Space program County regulations allow pubhc access to Open Space lands for hdang, 

mountiun blke ndmg and horseback ndmg At the present m e ,  however, there is no pubhc 

access to the MSS 199 acreage owned by Jefferson County, and recreabonal usage is not 

allowed If the land is opened to =mabond usage m the f u m ,  it is beheved that the pernutted 

acuvlaes would generate neghpble amounts of reenmed surface sod (dust), and therefore 

present a neghgble nsk from curborne plutomum to recreaaonal users A genenc recreaaonal 

nsk scenano for exposure to 1, 10, and 100 pCdg of plutomum is presented m Appenduc C 

At the tune of the Settlement Agreement (1985), the City of Broomfield mended to use its 

100 acres (41 hectares) of MSS 199 for future expansion of Great Western Reservov To date, 

the reservov has not been expanded. The land has remamed 111 its onpal state, and acts as part a 
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of a buffer zone around the ~eservor Pubhc access is not allowed. The City of Broomfield has 

no defiite plans for future use of thev MSS 199 acreage (Broomfield, 1990) so for current 

use condmons, the followmg pathway wdl be ebna ted  from further consideraaon 
0 

Suvace Soil + Fugitive Dust (Recreation) + Air + Inhalation 

h s k  from recreahond use has been calculated m the genenc nsk assessment for use of 

MSS 199 The lnhdahon and dmct sod UIgeShOn pathway has been retamed for this potenaal 

future use scenano 

4 5 4 Summarv of Transm and Release Mechanisms for Current and Future Land Use 

The only d b l e  transport and release mechanism for IHSS 199 whlch leads to a completed 

pathway, based on exlsttng mformahon, is wnd erosion of the surface sod which produces 

fUgIhVe dust. This dust may then be transported to human receptors m a form avadable for 

uptake as follows 

Surface Soil + Fugitive Dust + Air + Inhalation 

0 Table 4 4 Summarizes the transport and release mechasms for current land use con&tions 

Future land use scenanos mclude both residenhal home construchon and recreahonal use of 

M S S  199 The followng transport and release mechanisms could unpact human receptors for 

this scenano 

Sutface Soil + Direct Ingestion 
Surfhce Soil + Fugitive Dust -+ Air + Inhalabon 

Surface Soil + Fugitive Dust + Foliar Deposition + Ingesbon 

Table 4 5 summarizes the transport mechasms for future land use condlhons 

4 6 EXPOSURE ROUTES FOR CURRENT LAND USE CONDITIONS 

The three exposure routes (routes of entry) whlch can lead to mternal &ahon exposure are 

mhdahon, mgeshon, and dermal contact. The two pnmary exposure routes of plutonium uptake 
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that could most hkely lead to mtemal rdation exposure are the mhalation and ingestion of 

rdoactive matenals ~ e d  contact is not considered a s idicant  exposure route (Secaon 4 3) 

The esumaaon of organ burden and exposure, as well as of the resulang dose rates and doses, 
due to uptake by these pathways is based on the use of mathemaacal models whch depend on 
many parameters Pubhcaaons ICRP 30 (ICRP, 1979), ICRP 31 (ICRP, 1980), ICRP 48 (ICRP, 
1988a) and ICRP 30 (rewsed) (ICRP, 1988b) prowde the cntena necessary to calculate the 

comrmtted effectwe dose equvalent for both occupahon~ workers and the general pubhc Thls 

section wdl show that the maptude of the de& contacthmgesaon pathway is msigtllfcant 

when compared to inhalaaon 

@ 

4 6  1 Inhalation 

The mhalaaon of an aerosol carrying rahonuchdes is a potenaal mechmsm for damage to the 

resplratory tract as well as a possible pathway for the translocabon of inhaled rdoacave matenal 

to other reference organs The complexlty of the biologcal phenomena which govern 

transmssion and e h a a o n  of such matenal comphcates the assessment of potenad health 

effects due to mhalation of n&oactive matenal Factors wluch must be mcluded are 

1 The fracaonal deposiaon of inhaled maternal 111 the respvatory tract depends on 
properhes of the aerosol sue and mass hstnbuhon, chemcal form, and charge, as 
well as on the breathmg rate and such physiologcal charactenshcs of the lung as its 
surface properhes and configuraaon For the purposes of thls quahtative nsk 
assessment, it is assumed that 100 percent of the plutomum m dust is avdable for 
uptake 

2 The duration and extent of the exposure depends on the biologcal and physical 
mechmsms whlch transport the deposited matenal and its decay products wthm the 
body These mclude the vanous clearance paths, the nuchde half-hves, the chemcal 
form, the solubhty, and the degree of retenhon m each organ of merest 

3 The dose depends on the durahon, of the achvity of both parent and daughter 
radronuchdes m the organ, the organ mass, the emtted energy of each nuchde, and 
the h C h 0 n  of that energy absorbed by the organ hSSUeS 

The mhalation mode of exposure has long been recopzed as bemg of major unportance for 

racboachve matenals The model used m Appenduc C to calculate a genenc plutomum nsk 

assessment for current use mhcates that for conservaave assumpaons, the conmbution of the 

1) 
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lnhalaaon pathway compnses 97 percent of the total nsk This route provldes a b e c t  pathway 
for alpha pmcles to enter the sensiave organ whch is the lung The lung is the organ of 

pnmary concern when assessmg the nsks from plutomum m sod (EPA, 1990b) 

When inhaled, plutonium is rewed m the lung wth an effecave half-Me that vanes from 

hundreds of days for plutomum oxldes (Y class) to tens of days for more soluble forms (W 

class) A sigdicant portion of the msoluble plutomum oxlde that leaves the lung is translocated 
to the tracheobronchal lymph nodes Inhaled soluble plutomum is translocated to the liver and 

skeleton where it is very strongly rewed (Bau, 1973) This is m contrast to the mgesaon 

pathway, where the gut wall acts as a bamer to plutomum absorbed by blood. 

Inhalaaon is the most common pathway by whch plutomum can cross the barners of the body 

and penetrate mto and across h m g  cells The aerodynarmc paracle size of the aerosol, whch 
accounts for not only the sues of the pmcles but also thew density and shape, de t emes  the 

fracaonal deposiaon and sites of deposiaon m the respwatory tract The bioavdabhty of 

plutomum adsorbed to pmcles often depends on th~s aerodynarmc pmcle size Paracles wth 

a dtameter greater than 5 mmons usually become nbedded m the mucous of the pharynx, 

trachea, or bronch The mucous is swept up the resplratory tract and swallowed Therefore, the 

residence time of mhaled plutomum m the nasopharyngea and tracheo-bronchal regons is short 
The absorpnon efficiency of these large pmcles depends on the gastromtesanal absorpnon 
efficiency, whch is extremely low for plutonium (Secaon 4 6 2) Consequently, lnhalcd pmcles 

that are subsequently mgested reduce the maptude of the mhalaaon pathway The subsequent 

rates and routes of clearance, the translocaaon to, deposiaon m, and rate of clearance from other 

assues, and the excreoon m m e  and feces of plutomum depend on paracle size, solubhty, 

density, shape and other physicochemcal charactensacs of the plutomum aerosol The radraaon 

dose delivered from an lnhaled honuchde is a funcaon of the transportabhty of the pamcular 

chemcal form from the lung to other organs of the body Chemcal forms of radtonuchdes are 

classified as Class D, W, or Y from most transportable to least transportable, respecavely The 

biolopcal half hves in the lung are defined for these three solubihty classes as Days (0 5 days), 

@ 
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Weeks (50 days) and Years (500 days) The ICRP has detenmned the solubihty class for vmous 

plutomum compounds (IClW, 1988b) These are 

Class D (&ys) - no plummum compounds 
Class W (weeks) - a l l  plutomum compounds except oxldes 
Class Y (years) - plutomum oxldes 

Enwonmental sources and &me releases of plutomum are llkely to be m the oxlde from 

(EPA, 1 M b )  

Class Y plutomum refers to the solubhty and body retentlon of the rdonuchde Th~s class is 
msoluble m the body and, If breathed m, tends to be retamed m the lungs for months to years 

However, If mgested, Class Y plutomum tends to pass through the body wth  no biologcal 

uptake As stated prewously, PuO, is considered to be msoluble m the body, and thus is 

classified as Class Y plutomum. 

4 6 2  Ingesoon 

The mgestlon of radloactlve mamal (sod, water) represents another pathway by whch 

rdoac tmty  may be transferred mtemally to blood and, subsequently, to other organs Whde 

a descnpoon of this pathway is sunpler than for mhdahOn, due to the h c t  deposioon of the 
mgested matenal mto the gastromtesmal (GI) tract, evaluation of the balance of the biologcal- 
physical processes mvolved is affected by the same uncemmoes of biolopcal parameters as were 

discussed for the mhalatlon model In the mgestton model the mtlcal transfer mechmsm is the 
absorptlon of rdoactlve =mal mto the systemc blood from the small mtestme, however, the 

gastrointesmal tract prowdes a substanmil bamer to the uptake of plutomum mgested wth  food 

or water In adult d s  less than 0 01 percent of mgested plutomum is absorbed from the 

mtestmes (ICRP, 1988a) Inhaled plutomum wdl also be cleared from the lungs to the 

gastromtesmal tract, so gastromtesmal absorptlon is a consideratlon, although inhalatlon 
followed by mgesoon IS considered a neghgble pathway wth regard to nsk Values for the 

fractlon, fi (GI absorptlon factur), of mgested rad~oacuwty transferred to blood have been studied 

m anunals and to a h t e d  extent, are stdl subject to large uncemt les  whch strongly affect 

projected doses to the reference mtemal organ The ICRP hsts an fi value of 1 OE-05 for oxldes 

0 
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of plutonium, an fl value of 1 OE-04 for nitrates plutonium and an fl value of 1 OE-03 for all 

other forms of plutomum (ICRP, 1988b), whde the HEAST lists an fl value of 1 OE-04 for the 

oxlde form of plutonium These low fl values mdlcate that the mgested plutomum wdl not easily 
transfer to other body compartments The HEAST lists an fl value of 1 OE-03 for amencium 
Smce amencium does exhlbit greater solubhty m the enwonment than plutomum, 
charactenzahon of potenad amenaun pathways wdl also be accomphshed dunng the RI 

@ 

For future land use scenanos, the mgeshon pathway may become more sigmfkant, and m fact 

may contnbute the greatest percentage of nsk Thls is due to potentd foliar depOSihOn of 

plutoniudamencium on home gardens drrectly at MSS 199, wth  subsequent human ingeshon 

4 6 3 Dermal Contact 
Plutomum-239 and plutomum-240 are alpha emtters and hence only present a biologtcal hazard 
d they are transferred mto a b i o l o g d  system, however, dermal absorphon is not a major route 

of exposure @PA, 199Ob) The dermal contact human transfer pathway for plutomum would 

mvolve slun COntarmnahOn and subsequent transfer mto the body through an open wound or by 

mgeshon Unbroken skm has been shown to be an effechve b m e r  to the penetrahon of 
plutomum, and dermal absorphon coefficients cited m the hterature are on the order of 5 x 10 ’ 
(NRC, 1988) It is hghly unhkely that soluble plutomum is present at MSS 199 in a 

concentrahon that would lead to transfer through an open wound by slan COntarmnahOn Smce 

the GI absorpnon factor is 1 Ox10 ’ for oxldes of plutomum, human bio-uptake of plutomum sods 

by the dermal contact pathway and subsequent GI absorphon is not plausible 

0 

These nsk values are restated here to remforce that for the current use scenano The lnhalahon 

pathway produces by far the pnncipal hazard from MSS 199 Because of plutomum’s low sod 

mobility and water msolubhty, the adcbhve nsk associated wth  plutomum soflwater mgesaon 

are msi@icant when compared to the health nsk associated wth plutomum mhalanon 

4 7 RISK CHARACTERIZATION 

Thls quahtahve nsk assessment is a systemahc i d e n ~ c a h o n  of potenhd hazards of events that 

could result m undesnable consequences, and is mherently basically subjechve The man 
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&sadvantage of this quahtahve approach is that it is Micul t  to make specsic numencal 

compansons among the nsks of Merent  events or scenarios However, as shown m Tables 4 6 

and 4 7 ,  hazards can sall be grouped by relatlve unportance mto nsk categones (1 e ,  cnhcd, 
margnal) and Wed wth frequency categones (1 e ,  hgh, moderate, low, neglqgble) Pathways 

and release mechanisms that axe classified as havmg cnhcd lmportance to the nsk assessment 

would have a hgh  probabhty of unpachng a human receptor Those that have a marpal 

mportance have a very low probabhty of mpachng a human receptor These groupmgs, 
coupled wth the nsk evaluatlon presented m Appendur C, also can be used to mdcate that there 

is not any lmmtnent threat to human health from MSS 199 

0 

4 7 1 h s k  Charactemahon Process 

The nsk charactenzahon presented here evaluates the magxutude of the relahve Occurrence of 

plutonium m each m d a ,  its Irkelhood for transport to other m d a ,  and its Irkelhood to impact 

a human receptor The concepts developed III precedmg SechOnS are uhhzed to detemne the 

magnitude of nsk (usmg exlshng mfoOImahOn) based on the followmg rankmg 

mgh -- A signfmnt potenhal hazard to human health exlsts based on hstoncal data, 
physical charactenshcs and/or present condmons. 

Moderate -- maxmum d b l e  assumptlons of release mechamsms and exposure 
pathways, it is possible that plutonium d be measured at the receptor pomt 

- Low -- It is hghly unllkely that a hazard to human health exlsts, usmg maxmum 
d b l e  assumptlons of release mechanisms and exposure pathways combmed wth 
hstoncal data, the physical charactenshcs of plutomum transport and present 
COndmOnS 

Neghglble -- The release mechamsms and completed exposure pathways do not exlst, 
therefore there is no nsk to human health 

4 7 2 Physical Model 

Prowdmg a reasonable estunate of mtemal d a h o n  doses due to lnhalatlon and mgeshon 

r e q m s  that a consistent model for both the respmtory and gastromteshnal tracts be employed 

W e  a large amount of thearehcd and expenmental work on such models has been done, the 

most widely accepted models that prowde reasonable estunates of mternal radlahOn doses have 
been those developed by members of the I'eSpeChVe ICRP workmg groups 1) 
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The proposed ICRP Task Group on Lung Dynamrcs (TGLD) model for the resplratory tract has 

been well documented. Parameters suggested for use m the model have been extensively 

rewewed and, to some extent, unproved m ICRP pubhcauons (ICRP, 1979, ICRP, 1980, ICRP, 
1988b) The ICRP TGLD proposed model compnses three major resplratory compartments the 
nasopharyngeal, the trachmbronchal, and the pulmonary Each of these major compartments is 
&wded rnto subcompartments comspondmg to vanous transfer mechmsms, whch are treated 

as essenually mdependent processes In addmon, the associated lymph nodes are appended to 
the pulmonary compartment m one of the transfer chams Dmct deposition through lnhalauon 

occurs to the three major compartments, wth the hcuonal  deposiuon m each bemg a funcuon 
of the aerosol properhes Subsequent transfer andor clearance is governed by parameters 

specfied for each subcompartment 

For the calculauon of soflwater mgesfion, the ICRP gasmmtestmd tract model can also be used 
to detennrne mternal exposure The model compnses a four-compartment tract consistmg of the 

stomach, small mtestme, and lower and upper large mtestme 

0 4 7 3 Rsk From All Modes of Ex~osure 
The chermcal forms of plutomum found rn the off-site soils at RFP are highly rnsoluble both m 

the envlronment and rn the human body Based on a rewew of exposure pathways and routes, 

it appears that for the current use scenano, the potenad for human uptake is neghable and poses 
a very low potenual nsk m the quahtauve model Developmg these concepts m tabular form, 

biologcal uptake mechanums from all release pathways can be ranked from the most lrkely to 

the least lrkely for the current land use scenano 

Inhalation 
Dvect mgestion of sods 
Inhalation then mgesnon 
Bioaccumulauon 
Dermal contact 
Ingesaon of dmlang water 
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The last four routes are considered neghpble from a nsk standpoint For a future land use 
scenano, biologcal uptake from the followmg completed exposure pathways may occur and are 
ranked from most llkely to the least llkely 

Ex~osure Route 

Ingeshon of home garden foodstuffs 
Inhalahon 
I h x t  1I1geShOn of sod 
Ingeshon of contammated biota 
Dermal contact 
Ingesaon of dnnlang water 

For the future use scenano, the last three mutes are considered neghgble from a nsk standpomt 

A quahtahve companson of pathway speclfic nsk is prowded by the EPA @PA, 199Oa) The 

EPA has developed the followmg mda-specdlc concentrahon-based u t  nsk factors for age- 
averaged hfehme excess total cancer per unit dady mtake (exposure for 70 years) of Class Y 
plutonium-239 

II 2 6 E-2 I 1 6 E-6 I 8 4 E-8 II 

The mda-specific nsks are based on standard man (155 lbs [70 Kg]) mtake rates of 

706 f?/day (20 m3/day) lnhaled ar 
0 6 gaVday (2 2 Way) mgested hquid 
2 2 x 10" lbdday (0 1 @day) mgested sod 

These values assume that all dady meda exposure is denved from contammated arborne fughve 

dust (706 f?), surface water/surface runoff (06 gal water), and sod (22 x 10-4 lbs) and that 

exposure occurs conhnuously for a 70-year hfehme In other words, per umt concentraQon m 
each m d a ,  the u t  nsk is far 5 a t e r  from mhalahon of dust m au than the other two 

exposures, however, it should be kept m mmd that u t  concentrahons 111 these meda are not 
comparable 111 terms of ldcehhd of occurrence In fact, the genenc nsk assessment developed 

m Appendut C mdxates that for the future use residenual scenano, the mgeshon pathway would 
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contnbute the significant percentage of total nsk Inhalatton has been calculated to be the 
pnmary nsk for the no further achon current use, the worker and public scenano d m g  remda l  

achon, and any recreational future use scenanos 
0 

These urut nsk factors use the same basic approach as other models (DOE, ICRP), however, the 
EPA uses the model to denve nsk from each type of m d a .  These nsk factors remforce the 

premse that mhalabon of plutomum @ a m 3 )  has a much greater nsk factor than from mgeshon 

of water (pw) or sod ( p a g )  Under current land use (1 e , no pubhc access) the a r  pathway 

from MSS 199 produces a neghgble nsk to the pubhc, therefore, it can be d e e d  that other 

pathways must also produce a neghgble nsk 

This conclusion vvlli be vahdated or routed by calculatlon of a true site-speclfic quantttahve nsk 
assessment d m g  the RFI/RI 

4 8  ASSESSMENT OF OUALITATIVE RISK FROM NO FURTHER ACTION 
ALTERNATIVE 

0 An analysis of the relahve magmtude of the source term release mecharusms, transport m d a ,  
receptor pornts and modes of uptake at MSS 199 has been presented m th~s quahtaave nsk 

assessment. A summary of these analyses for the current and future land use condlhons are 

provlded m Table 4 6 and Table 4 7 

The concentrahon of plutomum (source term) m the sod at MSS 199 appears to be low, although 

above background W e  the COnCentrahOnS are above background, m most areas they are below 

the CDH standard of 0 9  pCdg (003 Bq/g) Release mechanisms, transport m d a ,  known 

receptors and modes of uptake have been evaluated, and the only completed exposure pathway 
for the current use scenano is the arborne dust pathway due to wmd erosion of sod 

Completed exposure pathways for the future use scenano mclude mhalatton from axborne dust, 

h e c t  sod, mgestton, and fohar depositton followed by human mgestton of these contammated 

foodstuffs Court-ordered sod t d h g  and revegetahon have been conducted on portlons of 

MSS 199 m an attempt to reduce the average plutoruum concentrahon m sods that exceeded the 

0 9 pCdg (0 03 Bq/g) level and to stabdm the soils (Sechon 2 2 3) The t d h g  has succeeded 0 
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m lowenng plutomum concentraaons to below CDH gwdelmes Revegetaaon of alled areas has 

been only paraally successful, however, areas in which planted grasses have not been successful 

have developed a natural cover of opportumsac grass and weed species Whde this vegetaave 

cover is not considered adequate from a remdaaon standpomt, it does nonetheless prow& some 

sod stabihzaaon and reduce the hkehhood of arbome dust generaaon Therefore, based on the 

physical parameters of IHSS 199, the nature of plutomum transport m the enwonment, the 

plutonium concentraaon present at MSS 199 and the smgle completed exposure pathway, the 

maptude of nsk from a no further amon altemaave is judged to be low to neghgb€e 

@ 

As calculated m Appenduc C, future residenaal use of IHSS 199 would result m a slrmlar low 

to negligble nsk 

4 9 RISK DUE TO DELAY OF IMPLEMENTING REMEDIAL ACTION 

As stated m h s  document, plutomum movement due to pmpitaaon and surface water runoff 

tends to be low due to its hgh  affity for the sod by adsorpaon In addmon, vegetaave cover 

does exist on most contammated lands at MSS 199, and field samphng data mhcate a gradual 

reducaon o v e m e  m the plutomum concentrahon m the upper 0 8  m (2 cm) of soil 
(Appendw D, Document D-18) It is possible that this reducaon is due to the plutomum 

becommg reenawed and blowmg east, east-southeast, or south-southeast from MSS 199 

However, samplers located m these general wnd  dmxhons (Table 4 3) are not detecang 

mcreased aubome plutomum acawty Therefore, h s  gradual decrease m sod concentraaon 

could be from the veracal downward mgraaon of plutomum m a sod column over tune 

Quahtahvely, human health nsk to the pubhc due to the delay m unplemenang remedd acaon 

(see Sechon 2 2 3 2) is judged to be neghgble 

a 

4 10 ASSESSMENT OF RISK DURING REMEDY IMPLFIMENTATION 

Plowing and t d h g  wll not remove the plutomum from the sods, but would d u t e  the 
concentrahon below the CDH plutomum-m-soil standard of 0 9 pCdg (0 03 Bq/g) Successful 

revegetahon will also reduce the h k e h h d  of subsequent transport of plutonium from MSS 199 

Certam precauaons in p e r f m g  h s  remedd acaon are mandated m the Settlement Agreement 

I ' e  
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Smce generahon of arbone dust conmmng plutonium is of the greatest concern, r e m d a l  acnon 

can only be performed when the followng condthons are present 

Wmd velociaes are no greater than 15 mph (33 km/hr) 
Sod moisture must be greater than 15% 
Anborne plutomum contarmnant levels cannot exceed 0 02 pCdm3 (7 4 x lo4 Bq/m3) 
A fugmve dust control p e m t  has been obtamed from CDH 

Inherent in the comphance wth the above condmons 1s the necessity for water trucks to be on- 

site and achvely wettmg down the sod as r e m d a l  acuon proceeds at MSS 199 A number of 
other methods are avadable for prevenhon of plutomum exposure to site workers Adherence to 
standard Operahng procedures, reducmg fugave dust emssions, and auborne rahonuchdes 
momtomg are estabhshed methods for reducmg worker r d a h o n  exposure Respirators can be 
used zf enpeermg controls axe not sufficient to promde protechon for workers 

Given the fact that the re!qumd controls are expected to prevent auborne mgrahon of plutomum 

d w g  remedd achon, it is detemed that the mcremental nsk to IHSS 199 workers and the 

pubhc would be neghgble d m g  mplementahon of sod plowmg and W g ,  and any subsequent 
revegetaQon 

The genenc nsk assessment 111 Appendm C addresses potenhal nsks to both site workers and the 

pubhc 

4 11 ASSESSMENT OF POST-REMEDY RISK 
It has been demonstrated that sod mwng by plowmg and W g  would nduce the concentrahon 

of plutonium currently on the surface of MSS 199 Therefore, mplementaoon of the court- 

mandated r e m d a l  aChOn would reduce plutomum concentraoons m sod and reduce the nsk 

associated with the contammaoon 

Smce the plutonium m the sod standad has been set at 09  pCdg, the genenc nsk assessment 

for 1 pCdg plutomum-239 prowded 111 Appendm C can be apphed to d e t e n e  the potenoal nsk 

to the pubhc from post remedy concentranons of plutomum 111 sod 
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4 12 SUMMARY OF OUALlTATIVE RISK 
Table 4 8 summanzes the hypotheucal qualitauve nsk charactenzauon denved from the genenc 
nsk assessment. The genenc nsk assessment is based on a hypotheucal mulupathway exposure 
scenano The 
followng two scenanos and component pathways are considered 

All exposure pathways u t h e  plutomum-239 m sod as the source me&a 

Residenual Recreauond 

Incidental Sod Ingemon 
Inhalation of Dust 
Ingemon of Leafy Vegetables 
Ingesuon of Tuber Vegetables 
Ingesuon of Beef Tissue 
Ingesuon of Beef Lwer 
Ingesuon of Cow’s Mdk 

Incidental Sod Ingesuon 
Inhalauon of Dust 

Detads of the hypotheucal-genenc nsk assessment are presented m A p p e n b  C 

As mdcated m Table 48, nsk m c d  from exposure to plutomum-239 m a recreauonal 

exposure scenano at MSS 199 before, d w g ,  and after remdal acuwues would be below 
EPA’s target range of acceptable nsk (1 e ,  below lxlob) Sda r ly ,  nsk mcurred from exposure 

to plutomum-239 m a future-us residenual exposure scenano at IHSS 199 after remedd acuwues 

would also be below EPA’s target range of acceptable nsk (1 e ,  below lxla6) Residenual use 

exposure cannot occur at IHSS 199 before or d m g  the remedy acnwues 

0 

4 13 UNCERTAINTIES IN THE RISK EVALUATION 

The methods used to assess potenual human health and enwonmental nsks m thu and most such 
evduauons are subject to a wde vanety of uncemues In general, the five mam Sources of 

uncertiunty m nsk assessment are the followmg 

Inadequate sample popdahon 
Samphg and analpcal methods 
Fate and transport modehg 
Exposure estmahon 
Toxlcologcal data and dose response extrapolauon 

I 
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TABLE 4.8 

Recreational Use 

Residential Use 

HYPOTHETICAL QUALITATIVE RISK CHARACTERIZATION 
DERIVED FROM THE GENERIC RISK ASSESSMENTa 

Below EPA’s Range Below EPA’s Range Below EPA’s Range 
of Acceptable k s k  of Acceptable ksk of Acceptable k s k  

NA NA Below EPA’s Range 
of Acceptable fisk 

11 Exposure Scenano 1 Befare Remedy I D m g  Remedy I After Remedy II 

a The nsk e s m t e s  presented m this table are hypothetical They are based on the genenc curve 
presented m Figure C-1 of Appendut C m conjunction wth estmates of sod concentration that 
have been judged to be unacceptable for perfomng a Basehe fisk Assessment See Appendut 
A for a dscussion on the lmtations on all data presented in this report 

NA - based on condtions at the site, these exposure condtions d d  not exlst d m g  the remedy 
phase speclfied a 
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Errors associated with samphg and analysis mclude inherent errors m laboratory analysis, 

representaaveness of the samples, samplrng errors, and heterogeneity of the sample matnx 

Although QNQC programs serve to reduce these errors, they cannot elmmate all errors 

associated with samphg and analysis 

@ 

4 13 1 Toxicologlcal Uncemaes 

Toxlcolognl data errors are also a source of uncemty The EPA noted h s  m its p d e h e s  

for carcmogemc nsk assessment. 

"There are major uncertatnaes rn extrapolaang both from d s  to humans and 
from hgh to low doses There are lmportant species Mferences in uptake, 
metabohm, and organ &stnbuaon of carcmogens, as well as species and stram 
Mferences m large site suscepabhty Human populaaons are vanable wth 
respect to geographc consatuaon, &et, occupaaonal and home enwonment, 
acawty patterns and other cultural factors @PA, 1986) " 

The esnmaaon of exposure reqms numerous assumpaons to descnbe the potenaal exposure 

situahons There are a number of uncemaes r e g h g  the fate and transport of plutomum, the 

UeMooci of exposure, the frequency of contact wth contammated mec€m, the COnCentrmOn of 

consatuents at exposure pornts, and the tune penod of exposure These assumpaons tend to 

oversmplify actual site con&aons There are inherent UnCemheS m deterrmnrng the mtake 

value when combined wth toxlcologml mformaaon, to assess nsk In this qubtaave 

assessment, specific assumpaons wth standardzed values were used The major assumpaons 

used m this assessment are as follows 

a 

Consatuent concentraaons r e m  constant over the exposure penod 

Exposure r e m s  constant over tune 

Average concentraaons of consatuents detected are reasonable esmtes  of exposure 
at the exposure pomt 

Exposed populaaons r e m  constant over the exposure penod 

No dduaon factor for the contarmnants is offered, and they are avalable for 100 percent 
bio-uptake 

ksks  are adcbave 
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Table 4 9 qualitatlvely descnbes the general assumptlons used in the nsk assessment, and then 

@ 
effect on the nsk assessment. 

4 13 2 Camnogenic b s k  UnCertaIntleS 

Numerous references prom& numerical estunates of the nsk of fatal cancer mducaon from 

iomzmg dat ion  These eshmates may be a functlon of dose to an indmdual organ, whole body 

dose, durahon of exposure, or quantlty of rdoactlve matenal ingested or mhaled 

A smgle slope factor (EPA, 199Oa) was chosen to eshmate hfetune nsk of fatal cancer as a 
fuKhOn of the receptor’s hfeme mtake of the mdmdual donuchde Based on a renew of 

current nsk eshmates, it is assumed that the use of the smgle nsk factor wdl generate an 

OVereShmatlOn or undereshmahon of one order of maptude compared to the use of a situahon- 

specdic factor 

Because of the low probabrllty of cancer mductlon at the levels of human exposure to doachve 

matenal normally encountered m the enwonment, addmonal uncertames anse from 

extrapolatmg nsk eshmates from much hgher levels, where deletenous effects may be observed, 
to the low levels that are actually encountered. Also, uncertsunty results from assurmng a hear 

relatlonshp at low levels of human exposure 

0 

Because of gaps m current scienhfic understandng of radlocarcmogenesis, rad~olopcal cancer 

nsk assessment requms the use of a senes of judgmental decisions on numerous unresolved 

scientlfic issues These judgmental decisions lead to uncemntles m cancer nsk assessment 

because major assumpaons are necessary for data extrapolahon The four mam data 
extrapolatlons are d~scussed m the followmg 

The extrapolahon of expenmental results across species from laboratory anunals to 
humans 

The extrapolatlon of data from high-dose repon of exposure of human or laboratory 
d s  to the low-dose regon of exposure of the general popdahon 

~ 

The extrapolahon of data across exposure durahons fkom acute to chromc cases 
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TABLE 4.9 

evaluahon is based on the chermcal of 
concern (Plutomum) only Thrs may 
represent a subset of the chemicals 
possible at the site 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION, 
M S S  199, ROCKY FLATS PLANT 

Moderate 

Assum paon 

The standard asSUmphOns Egardlng 
body weight, penod exposed, We 
expectancy, populauon charactensacs, 
and hfestyle may not be 
representahve for any actual exposure 
situauon 
The amount of media make is 
assumed to be constant and 
I'epRSentatlVe of the exposed 
populauon. Moderate 
Exposure to contarmnants RmillIIs 
constant over exposure penod Moderate 
concentrahon of contamrnants 
remans Constant over expo- 
pend mgh 
All plutomum is avadable for 
halabon 111 respirable-sue pmcles mgh 

Effect on Rtsk 

Eshmate Rtsk Eshmate Rtsk Eshmate Rtsk 
May Over- May Under- May OverAJnder- 

Moderate 
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TABLE 4.9 

Food does not conmbute to plutomum 
uptake 
Dermal abWrph0n of plutomum from 
soil is neghgble 

I 

Moderate 

LOW 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION, 
SWMU €99, ROCKY FLATS PLANT 

(continued) 

hsks are assumed to be adhhve 
hsks may not be addihve because of 
synergmc or antagomShC amons or 
other chemicals 
Assumes absorphon is equvalent 
acmss species ' h s  is Impbat 111 the 
denvatlon of the acceptable mtakes or 
cancer slope factors m this 
assessment. 
Extrapolmon of toxlaty data from 
hgh dose to low dose, and across 
species and ages 

__ 

Assummon 

Moderate 

LOW 

Moderate 

For most mntammants alI mtake IS 
assumed to come from the m&um 
bemg evaluated 'hs  does not take! 
mto account other contamlllsult 
sources such as diet, exposures 
occumng at locahons other than the 
exposure porn bemg evaluated, or 
other environmental media whch may 
contnbute to the mtake of the 
chemical (1 e ,  relahve source 
contnbuhon is not accounted for) 

May Over- 
Estmate fisk 

Effect on Rsk 
May Under- 

Estmate fisk 

Moderate 

May Overwnder- 
Estmate Risk 
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The extrapolahon of data across age groups from adults to chldren or across ethruc 
pOpUlahOnS from Japan to the Umted States 

The uncemaes associated wth these four basic data extrapolahons are mherent m EPA slope 

factors for r&onuch&s and nsk coefficients used rn COnVenhOnd r&ologcal nsk assessment 

methodology These uncertsunhes m nsk eshmahon are &cussed m the followmg paragraphs 

4 13 2 1 Internal Ex~osure 

UncertaInhes m mternal dose calculahons based on ICRP models mse pnmanly from five 

sources (1) the uncemty m reference man data (age- and sex-spec& Merences and 

biologcal and e h c  vmabhty m anatomcal and physiologcal parameters), (2) the uncemnty 

m the lung and GI tract models descnbmg the translocahon and absorption of mhaled or mgested 

rdonuchdes mto the blood (e g , the uncertrunty m the anatomcal model of the lung and GI 

tracts and age-specific physiologcal and morphologcal properhes of the models), (3) the 

uncemnty associated with the fOmIdahOn of the ICRP (1979) biokmehc models desmbmg the 

dstnbuhon and retenhon of radIoachwty among the vanous organs m the body (e g , the 

biokmehc models are manly based on mmal data and often eShmate excrehon inaccurately, the 

growth of radIoachve daughters is usually handled UmalIShcally), (4) the uncemnty m the dose 

models used to calculate the absorbed dose to organs from radIonuch&s retamed m the body 

(nonuniform dstnbuhon of the achwty is normally found m human organs), and (5) the 

uncemnty m the model parameters (e g , absorpaon frachon [f,], whxh contnbute the largest 

uncemnty 111 the GI tract model, mtake rate, and effeChVe half-Me) 

0 

Uncemnhes m nsk eshmatton from mternal exposure anse from the followmg sources (1) the 
assumphon of the dose response model for eshmahng radtauon-mduced cancer nsks at low doses 

and low dose rates based on data at h g h  doses and h g h  dose rates, (2) the choice of the nsk 
models, latency p o d ,  and expression penod for vmous types of radahon-induced cancers 

beyond the years of observahon, (3) the age-speclfic parameters (nsk coefficients) used for both 

absolute and relahve nsk models are obmed from the Japanese atomc bomb s m v o r  data, 
whch are based on relahve hgh doses and Japanese populahons, (4) the use of age-specrfic 

mortahty rates based on data collected 111 the Umted States m 1970, and (5) the use of mortahty- 

to-mcidence nsk mhos for vmous types of cancers (Cancer mci&nce stahshcs are mcomplete, @ 
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and there is a possibdity of Mferences in the relanve frequency of cancer types between 

raogenic cancers and those caused by other factors ) 0 
4 13 2 2 External Exwsure 

Uncertrunnes m external dose calculanons based on the EPA model mse pnmanly from four 

sources Fust, the use of a hypothetcal plane source wth zero-depth &stnbunon of radIoachvlty 

IXI the slope factor method fads to account for sheldmg by the sod m whch the mhoacnnty is 

deposited If the mhoacnmty is d d y  &stnbuted m a 10 cm layer of sod, sheldmg by the 

sod layer can reduce the au dose rate by about a factor of 8 for 0 1 MeV photons, a factor of 
4 or 0 5 MeV photons, and a factor of 3 for photon energes between 1 to 10 MeV Even If the 

umformly med rdoacavlty extends to an dmtely thxk sod layer, the au dose rate can be 
reduced by a factor of 7 for 0 1 MeV photons, a factor of 3 for 0 5 MeV photons, a factor of 2 

for 1 MeV photons, and a factor of 1 5 for 10 MeV photons 

Second, the slope factor method does not account for sheldmg prowded by roughness of the 

ground surface, lrregulantles m t e r n ,  or the sheldmg provlded by bddmgs Each of these 

factors reduces external dose rates 

Thud, the assumpnon of umform &stnbunon of radIoacnvlty m sod m the slope factor method 

may not always be valid. It has been shown that the sources would have to be approxlmately 

unlform over &stances up to a few hundred meters from the mQvldual for the au dose rate to 

be accurate for ground surface exposure 

Fourth, the slope factor method employs the factors relaaon organ dose to au dose from 

mersion m an mbome plume of photon sources to calculate dose from contarmnated sod 

sources The assumpnon that the d a a o n  field for the ground surface source is isotropic and 

has the same energy dmnbuaon as for the anborne mmersion source is not vahd 

Uncemnaes rn nsk esamanon from external exposure anse from sudar consideraaons from 
mternal exposure 
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414 DATANEEDS 

It is evident that sufficient field data are laclang to perform an adequate quanhtahve nsk 

assessment of MSS 199 The followmg quanutahve mformahon would greatly mcrease the 
accuracy of any future nsk assessment. Many of the parameters hsted below have been 

quanafied for the RFP as a whole, however, the apphcabhty of the exlshng data to MSS 199 

has not been ngorously evaluated, and much of the exlstmg data have not been validated An 
early step m the data acquisition process, therefore, should be to evaluate the apphcabhty of 

exlshng envmnmental data from the RET to MSS 199 W e  the followmg SeChOnS descnbe 

some of the addmod InfOrmahOn which wll be reqmd to conduct a quanhtahve nsk 

assessment, the MSS 199 RFURI work plan wll address these data needs m greater &tad 

0 

4 14 1 Physical Parameters of the Site 
Sod parameters such as sod parhcle size, detemahon of sod parhcle size frachon wth whch 

plutomum 1s assmated, orgmc content, and bulk density should be determmed Meteorologcal 

Parameters such as the frequency bstnbuhon of wdspeed, duechon and annual stabhty class 
should be collected Worst case sod and meteorologxal condmons (1 e ,  those CondIhons at the 

site most conducive to plutomum transport) should be idenafied 0 
4 14 2 &tenrunahon of Fuglhve Dust ImDact from Remedd Achon 

More exact Informahon of the potenhd for wind erosion from bare sod, and the contnbunon of 

hhng and remdal acnon should be collected and evaluated. 

4 143 Hydrolorn 

The surface and ground water charactenshcs at MSS 199 need to be adequately charactenzed 
as they relate to contarmnant transport Site speclfic data wlll be collected as part of the RFVRI 
achwty 

4 14 4 RAolomcal Charactenzaaon 

The lateral and vemcal extent and magmtude of plutomum and amencium (and any other 

r&ologcal parameters) m sod should be determlned. Addmonal sod cores should be collected 

to deterrmne the vemcal mgrahon of plutomum in the sod column Transport of plutonium in * 
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surface runoff should be assessed. Data are avadable that descnbe plutoruum-sod rmxing by 

prame dogs, however, the radmxology of the site has not been adequately charactenzed Biottc 

samples should be collected to charactenze the extent of contarmnaaon 111 the enwonment 
Studes should be conducted to de t e rne  if a pathway to humans through the food cham exms 
for radlonuchdes present. 

e 

4 14 5 Other Contarmnants 

Addmonal charactenzahon of the site for potenhd morgmc and orgamc contarmnants needs to 
be conducted. The medla of greatest concern are sod, surface water (pnmanly runoff), and 

ground water 

e 
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I 5.0 CONCLUSIONS AND RECOMMENDATIONS 

e 

The rev1ew of hstoncal Informahon, the evaluahon of the remedy effechVeneSS, and the 
prelmmary nsk assessment developed m this document indxate the followmg 

There does not appear to be any lmrmnent human health hazard posed by IHSS 199 
Thls conclusion is p r e h a r y  because of data quahty hutations 

Plutomum concentrahons measured in some IHSS 199 soils dunng past stu&es and data 
collechon aChv1heS exceed the CDH plutomum standard used by the U S I)lstnct Court 
as the lawswt acreage remedy acaon level The data that support thls conclusion, 
however, cannot be vahdated and may not be of comparable quahty, and are therefore 
considered mconclusive 

Remedlal achons mplemented to date on 120 acres of Jefferson County remedy acreage 
have successfully reduced plutomum concentrahons m sod to below the 0 9 p w g  (0 03 
Bq/g) action level mandated by the lawsmt Settlement Agreement. Attempts to 
res tabhe the remedlated acreage through revegetaaon have been only 50% successful 
due to msufficient preclpitahon, extremely rocky surfaces and/or clayey sods, mtense 
compehhon from weeds, an expandmg p m e  dog popuiahon, and the effects of slope 
on soil moisture Specrfic acaons to unprove the revegetahon effort mclude weed 
control, prame dog suppssion, and changes to the revegetahon seed rmxture specrfied 
m the Settlement Agreement 

Mulhple plutomum exposure pathways from MSS 199 were analyzed The pathway 
analysis suggests that the anborne dust lnhalahon pathway is the most si@icant in 
terms of human health nsk under current site condlhons Under a future resldenhd use 
scenano, the sod mgeshon pathway may also be si@icant Although other exposure 
pathways are not considered sigd3cant under h s  analysis, all pathways wdl be 
addressed under scheduled FWI/RI acamaes at IHSS 199 

Although the actual receptor exposures could be expected to vary, the completed 
exposure pathways are the same for pre-remedy, remedy mplementabon, and post- 
remedy COndIhOnS at MSS 199. If the remedy IS successfully Implemented, however, 
the COnCenOIihOn of plutomum avdable for transport as axborne dust wdl be reduced 
through W g ,  and the pmbabhty of occurrence for the anborne dust pathway wdl be 
reduced through revegetahon 

The control measures used to reduce off-site npacts dunng remedy Implementahon at 
IHSS 199 appear to have been effectwe Avadable data from arr samplers set up 
Mmdate ly  downwmd of the remedy acreage dunng remedy Implementahon and an 
momtormg staaons m populated areas downwmd of the acreage show no mcreases in 
anborne plutomum dunng or after remedd achons taken to date 
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To confirm the above conclusions, it is recommended that addmonal site data, mcludmg 

meteorologcal parameters, surface and ground water charactenzauon, brologcal uptake, and 

concentraaons of plutomum and other rdonuchdes m all medta be obwed Further sod 

samphng should be performed to confirm or negate conclusions concemmg plutomum and 

amencium concentrations m sod at MSS 199 A quanataave nsk assessment can then be 
performed to quant@ the Merences m potenhid nsk to human health between the pre-remedy, 

remedy mplementaaon, and post-Emedy situaaons These data collecaon acavlaes wdl be 

mtegrated mto the RFI/RI 

@ 
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1.0 INTRODUCTION 

A baseline human health nsk assessment has five basic components, these are 
e 

Data collecaon and evaluaaon 
Exposurc assessment 
Toxlcity assessment 
Rsk charactenzaaon 
Uncertmnty Analysis 

Each of these facets of a nsk assessment need to be performed m an appropnate manner so that 

a quantltaave nsk assessment is performed. 

Thls secaon exammes the "Data Collecaon and Evaluaaon" that has been performed on 

IHSS 199 wth respect to EPA's Guidance for Data Useabllitv in h s k  Assessment (EPA 

540/G-90/008), dated October 1990 The following ctrtena were used to evaluate and compare 

hlstoncal data 

Was an adequate conceptual model of the site mcluded7 

Were data quahty objecaves stated? 

Were key site charactensacs documented? 

Were all appropnate medm sampled7 

Were all key areas sampled? 

Did samphng rnclude medla along potenaal routes of mgraaon? 

Were samphg locatlons consistent wth the nature of contammanon? 

Were samphg efforts consistent mth field screemg and vlsual observaaons in 
locamg hot spots? 

Were detaded samphg maps provlded, mcludmg the locaaon, type and numencal 
code of each sample7 

10 Did samphg mclude appropate QNQC ~1w3sms~ 

11 Were background samples collected from appropate areas? 
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12 Were any site-related chemcals elimnated from analysis wthout appropnate 
jusaficaaon? 

13 Were appropnate analflcal methods employed for collecuon data? 

14 Did the data meet the stated data quallty ObjeCtlVeS? 

15 Wen appropnate data quaMers used for the analyucal data7 

The results of h s  evaluauon are suxnmanzed m h s  appendu under Data Useabihty Worksheets 
In remewmg these worksheets it became clear that the avadable data would not support a 
quanutauve nsk assessment Therefore the nsk assessment that was developed for MSS 199 was 

performed to deterrmne If there was the presence/absence of an lmmlnent hazard to the pubhc 

A second goal was to idenufy data needs for a future workplan that would dnect remdal  

mvesagauon (RI) data collecoon 

Some inherent uncertzunty is associated wth any numencal nsk coefficient calculated m the 

development of a health nsk assessment The histoncal data were not mtended for use m a 

quanutauve nsk assessment and therefore meets few of the current standards for data useabihty 
as outhned m the EPA Guidance Document for Data Useabhty m Ruk Assessment (1990) All 

the data remewed attempt to charactenze the locaoon and magnitude of the sod concentranon of 
239 Pu (source term) at site 199 The source term is the hchpm upon whch any nsk 

assessment is based, and If the data cannot adequately be defended as vahd, a quanutauve nsk 
assessment that has any valld~ty IS unpossible to perform None of the MSS 199 data remewed 

meets the xnmmum cntena of data useabhty Instead, a p r e b a r y  quahatwe nsk assessment 

has been developed that evaluates the relatlve magmtude of the source tern, and whether human 
receptors are currently expenencmg any lmrmnent hazard from thls source term. 

The followmg documents are hted m Appenduc D, but they were not remewed agmst a l l  of the 

cntena found m the data useabhty gudance document due to the lack of mformauon contruned 

wthm them 

D-6 Rockwell Intemauonal, Tompanson of An Sampler Stauons" 

D-12 Rockwell Intemauonal, "Remdal Acuon An Samphg Results" ' 0  
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D- 13 Rockwell In&mahonal, "Stahon of Remedd Acuon on Jefferson Couny Lands 
East of Indma" 

D-14 Rockwell Intemahonal, "Status of Remdal Achon Program on Jefferson 
County Open Space Land 

D-15 EG&G Rock Flats, "Jefferson County Remdal Achon Lands 1989 
Remdahon Status and Achons for 1990" 

D-16 EG&G Rocky Flats, "Jefferson County Remdal Achon Lands Annual 
Report 

The followmg approach to the data useabhty evaluaoon for MSS 199 is taken from the EPA 

Gwdance Document for Data Useabhty 111 h s k  Assessment 
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2.0 REPORT TO RISK ASSESSOR 

As stated m the EPA Gudance for Data Useability m k s k  Assessment, the mmmum data, 

documentatlon and report mamals needed to prepare a nsk assessment are 

A descnphon of the ate, mcludurg a detaded map showmg the locatlon of each 
sample, the site location nlatlve to sumundmg structures, t e r n  features, receptor 
popdatlons, mdIcahOns of a u  and water flow, and a deSCnphOn of the operaave 
mdusmal process (lf any) 

A descnpnon and ratlonale of the sample design and samplmg procedms 

A descnphon of the analyhcal methods used 

Results for each analyte and each sample, qualified wth respect to analyhcal 
htatlons 

Sample-spec& quanhtanon h u t s  (SQLs) and detechon huts for undetected 
analytes, wth an explanatlon of the detechon lmuts reported and detecbon h u t  
quahfkahon for analyhcal btahons 

A narratlve eXph3nahOn of the level of data rewew used and the resulhng data 
quaMers mdxatmg dlrechon of bias, based on the assessment of the results from 
quahty control samples (1 e , blanks, duphcates, and field and laboratory spdces 

A descnptlon of field condmons and physical parameter data as appropnate for the 
medla involved m the exposure assessment 

As stated m the guidance document, If any of h s  m f 0 m h O n  is not avadable and cannot be 
obtiuned, it may not be possible to perform a quanhtanve basehe nsk assessment 

Sod Sample COlleChOn and Analysis for Plutomum on Lands Adjacent to Great Western 

Reservoir for the clty of Broomfield, Apnl 10,1985, prepared by C T Illsley, contams many of 

the data quahty nquvements necessary to perform a quantmtlve nsk assessment However, the 

sod sampllng locanons were taken for Sites 200 and 111 areas that overlap site 199 and therefore 

may not be wholly apphcable ' h s  report does have sigmfkant data gaps, such as measured 
concentrauons of 239 Pu only rather than all rdonuchdes common to RFP Data quahfiers such 

as the lower h t  of detechon (LLD) and rrrrmmum detectable acbwty (MDA) also were not 
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"Remechal Acaon Program on Jefferson County Open Space, January 15,1987," prepared by C T 
Illsley, is the only IHSS 199 speclfic document renewed that comes close to meetmg data quahty 

objectlves other documents renewed do not even meet the basic data quahty objectlves 

However, even h s  document has si&icant data gaps such as LLD or MDA not hsted, no 

sampling dates or cham of custody, measured CO~CentrahOnS of 239 Pu only rather than all 

donuclides common to RFP, etc 
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3.0 ASSESSMENT OF DOCUMENTATION 

Accodng to the guidance document three types of documentahon must be assessed Chm-of- e 
Custody records, Standard Operahng Procedures, and field and analyhcal records 

Chm-of-custody records must document the sample locations and the date of samplmg so that 
sample results can be related to geographlc locahon and to speclfic sample contamers If a 

sample result cannot be related to a samphg date and the pomt of sample COkChOn,  the results 

are unusable for a quanhtahve nsk assessment Full scale chm-ofcustody procedures (extendmg 
from sample C O k h O n  through analysis) are not required for nsk assessments, although they are 

requved for other purposes, such as enforcement or cost recovery 

In all cases, the reports renewed had no chm-of-custody records Sample locahon records were 

poor, and samplmg dates were not mcluded. As stated above, d samphg results cannot be 

related to a samphg date and the pomt of sample collecaon, the results are unusable for a 

quanhtahve nsk assessment 

No field or analyacal records were mcluded wth the documents renewed, nor were SOPs 
avadable to allow companson of the field and andyhCd records for each report. Smce SOPs 

were not mcluded, it is mpossible to deterrmne the level of systemahc and random error 

associated with samphg and analysis whn any of the reports renewed 
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4.0 ASSESSMENT OF DATA SOURCES 

Mmmum analyacal data reqwrements for a nsk assessment as stated m the gudance document a 
shpdate that one sample per medlum exposure pathway be analyzed usmg a broad spectrum 

andyhcd techque, such as GC-MS methods for orgmc analytes, or ICP for morgmc analytes 

The lack of a broad spectrum analysls for any samples at M S S  199 from a fmed laboratory 

source results m an mcreased probabhty of false negahVeS because all chemcals of potenad 

concern at the site may not be identdied. In the absence of a broad spectrum analysis, the best 

correctwe achon is to collect addmonal samples Smce addIhond samples have not been 

obmned from IHSS 199, the probabhty of false negahVeS and poSihVeS should be considered 

high Therefore the level of certamty m performmg a qUanhtahVe nsk assessment is greatly 

decreased. 

Field measurements of physical charactenshcs of the site, medtum, or COntammahOn source are 

cnhcd data, whose omssion can sigdicantly affect the vah&ty of a quanhtahve nsk assessment 

Physical site Informahon is requved to perform exposure fate and transport modelmg Examples 

of such data are parhcle slze, pH, clay content and porosity of sods, wmd dvechon and speed, 

topography and percent vegetahon The EPA k s k  Assessment Guidance (RAGS) descnbes 

mmmum field measurements to be collected for site charactenzahon RAGS Exhlbit 4-2, 

"Examples of Modelmg Parameters for W h x h  Informahon May Need to be Obmed Dung a 

Site Samplmg InVeShgahOn," promdes a list of data elements accordmg to me&um modehng 

category If not collected dunng samplmg, these parameters cannot be deterrmned The use of 

default ophons and rouhnes to estunate mssing values allows the use of the model but mcreases 

the uncemnty associated wth the exposure assessments 

0 

Although large amounts of this data exlst for the RFP, none of the above parameters have been 

charactenzed for IHSS 199 The lack of field measurements dvectly apphcable to MSS 199 

greatly reduces the level of certamty m the performance of a quanhtahve nsk assessment 

Therefore general statements concemg physical site lnformatlon were uhhzed for the quahtahve 

nsk assessment. 
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5.0 ANALYTICAL METHOD 

A cnacal facet of data useabhty as descnbed 111 the gmdance 0 
andytlcd methods used to measure plutomum contarmnatlon m 
control measures built mto the sample collecaon and andysu The 

a 

document 

sod have 

requves that the 

sufficient quahty 

preparaaon of samples pnor 

to counang is an important consideraaon, whch is a mula-step process that acheves the 

followng objecaves (1) the deStrUCtI0n of the sample mam to reduce alpha-and beta pamcle 

absorptlon, (2) the SepiUatLOn and concentratlon of radonuchdes of merest to mmase resolutlon 

and sensiamty, and (3) the preparaaon of the sample m a suitable form for countmg 
Appropnate radoacave tracers must be selected and added to both the field and laboratory 

samples before a radmhemcal procedure is mnated Of the documents remewed, only the 

Illsley 1987 report paraally descnbes the above methods used for radochemcal analysis Most 

of the documents rewewed do not state whether analysis was perfmed by a laboratory 

pamcipatmg 111 the EPA Enwonmental Ih&oacnve Intercompanson Program, whch promdes 

quahty assurance oversight for d a a o n  measurement laboratones 
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6.0 DATAREVIEW 

The EPA Data Useabhty Gudance Document hsts two cntena far data review, that of e 
tunelmess, and the level and depth of rewew The first cntena is of lrttle mportance for thls 

project, but the second cntena is a cnacal factor that the data must meet for it to be used rn the 
nsk assessment A statement concemg the data rewew process is absent from all documents 

that were used to develop the quatatwe nsk assessment The tunelmess, level, and depth of 
rewew is unknown It can be assumed that all documents went through a normal quallty 

assurance xewew, but even thls IS not stated. It IS unclear If computer algorithm programs were 

vddated, or If data entry was checked. Therefore based on the data rewew process cntenon, 
all documents would be rejected. 
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7.0 ASSESSMENT OF SAMPLING DATA QUALlTY INDICATORS 

As stated m the Gwdance Document, five basic data quahty mdxators must be assessed pnor e 
to u&mg data 111 a ClUanhtahVe nsk assessment. 

1 ComDleteness 
Completeness is a measure of the amount of useable data resulhng from data COllechOn aChvlbeS 
A descnpbon of the number of samples r e q u d  to adequately charactenze each medm should 
be mcluded that at a llll~lll~lll~~l references Standard Operanng Roccdms (SOPS) and the 
Sampling and Analysis Plan (SAP) 

The Illsley document uses the methodology of collechng a large number of sample locahons per 
sector and composihng these mto one sample per sector Although th~s is an accepted 
methodology for sod sample collechon over large areas, not enough documentahon was made 
avadable to d e t e m e  If a sufficient number of samples were collected to adequately charactenze 
the site 

2 ComDarabditv 
Comparabllrty expresses the confidence wth whch data are considmd to be equivalent 
Analyhcal methods and samphg protocol must be stated 111 each report to allow cornpanson of 
each of the data sets, smce field and laboratory vanabhty may siflcantly affect the results 

None of the reports revlewed are judged to be adequate based on an exammanon of 
comparabihty, since sample design and analytical methods vary greatly between reports 

0 
3 Remsentahveness 
Representanveness expresses the extent to whch data defme the nsk to human health and the 
enmnment Samples must be collected in a way that generates data whch reflects the site 
charactenshcs, and must be analyzed m a way whlch represents the properhes of the field 
sample Lack of representatlveness m the medla sampled may result 111 the detecbon of false 
negahves and may cause the omssion of potenhd exposure pathways m the nsk assessment 

Although sample PreparahOn procedures were s i d a r  for some of the reports, it is shll unclear 
whether the process of composihng subsamples m each sector produces a sample data set 
representatlve of the exposure area m queshon Informahon concemg hlgher COncentrahonS 
and hot spots is lost when analyang sod composites 

4 Precision 
Precision 1s a measure of the vanabhty of a set of measmments compared to the mean and is 
usually reported as a coefficient of Vanahon or a standad dewahon of the anthmehC mean 

Here agam, it is mpossible to compare the data sets of the reports avdable for JHSS 199 
because of the large vanabhty 111 pnxision of the analyhcal results The two basic achvlhes 
performed 111 the assessment of precision are eshmahng sample vanabhty from the observed 
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spaoal vanaoon and esomatmg the measurement error attnbuted to the data collecoon process 
Neither one of these can be accomphshed for MSS 199, gwen the mformaoon presented m the 
reports and leads to an unacceptable level of uncertamty Therefore, the esttmaoon of the 
average ConcentraQon of PU may not be representatwe of the site 0 
5 Accuracy 
Accuracy is controlled pnmanly by the analyacal process and is reported as bias The sample 
design plan and sample collection plan relates dnectly to h s  bias, and smce neither of these 
documents were mcluded for renew, it IS mpossible to detemne the accuracy of the reports 
The estunate of accuracy is further compromsed by the exclusion of data relatmg to field and 
laboratory splke results Smce an estunaoon of the accuracy of the data cannot be performed, 
the data should not be rncluded for use rn a quanotahve nsk assessment. 
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8 0 APPLICATION OF DATA TO RISK ASSESSMENT 

' Cntenon not met 

The Data Useabhty worksheets p m W d  m Appendm A provlde a detruled exammaaon of the 
e 

I Cntenonmet a 

I Cntenon not met. 

data quahty across the vanous assessment phases To summar~ze the data and d e t e m e  
useabihty the followmg four quesaons are applied to each data report, mcorporaang the data 

useabdity mtenon evaluated m the worksheets These quesaons are taken duectly from 

Chapter 6 of the EPA Gudance Document for Data Useabhty. 

CRITERION r- ~~ SUMMARY 

1 What contammuon IS present and at what 
levels? 

2 Are ate concentraaons suf€iciently 
Merent  from background? 

Analyhcal methods, data rewew, d y h c a l  preciaon 
and accuracy combine to allow for a probability of 
false negahves 

Although background measurements were not 
collected, the levels of PU present are greater than 
what can be ambuted to world-wde fallout. 
Therefore it 1s assumed that the plutomum measured 
at IHSS 199 ongtnated from the RFP 

3 Are all exposure pathways idenhfied and 
exarmned? 

The nature of the pathways to be examined IS 

cnhcal to the charactemahon of nsk at the site 
None of the documents reaewed provide 
idenuficaaon of exposure pathways 

I cntenon not met. 

4 Are exposure pathways fully 
Charactenzed? 

To be fully charactenzed, the exposure pathway 
must have been appropriately sampled Data 
Quallty Indrcators such as completeness, 
comparabhty, represenmveness, preclsion, and 
accuracy all must be wtlun acceptable h i t s  for the 
exposure pathways to be accurately charactenzed 
The mformahon hsted above IS k k m g  m all of the 
documentauon proaded 

Smce none of the documents meets the basic cntenon of data useabhty a quanataave nsk 

assessment based on such data would not yeld useN results and would not be defensible 
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9.0 SUMMARY 

An e x m a a o n  of the data avadable for MSS 199 mdcates that few of the cntena found m the 
a 

EPA Guidance Document for Data Useabhty are met. The data collected were of hmted quahty 
and specficity, a samplmg design program was not maated to collect representaavt samples 
from all medla and exposure pathways, and no memgful staasacal analysis were conducted on 

the data set pnor to pubhcaaon of the reports, mcludmg Data Quallty Indcators and sample 

specfic quanataaon h u t s  (SQLs) 

Therefore, based on the gudance found 111 the Data Useabhty for fisk Assessment only 

qualltaave statements concertllng nsk possible These statements are based on hstoncal 
mformaaon and the general behamor and transport of plutomum m the tnwonment No 
numencal measures can be denved to mdlcate the potenaal for adverse effects, and the level of 
certatnty cannot be assessed. The nsk to human health may thus be considered only m 

qualitatwe terms, whch by the reference document is an acceptable method when data do not 
support a more ngorous quanataave analysis 
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TABLE Al.l 

DATA SOURCES 
OPERABLE UNIT NO. 3, IHSS 199, ROCKY FLATS PLANT 

Data Source 

United States Atomic Energy Commission, 
"Plutonium in Soil Around the Rocky Flats Plant," by 
P W Krey and E P Hardy, Health and Safety 
Laboratory USAEC, New York, NY, HASL-235,l 
August 1970 
Dow Chemtcal USA, "Soil Sampling East of Indiana 
Avenue," by R W Loser and R L Tibbals, Product 
and Health Physlcs Research Senrlce Report No 
31 7-72-1 86,29 November 1972 
Rockwell International, "Results of Special Soil 
Samples Collected Adjacent to the Rocky Flats 
Plant Site," by C T Illsley, Environmental Analysis 
and Control, ES-376-77-201,7 September 1977 
(revised 30 November 1979) 
Colorado Department of Health, "Radioactnre Soil 
Contamination (Cesium-1 37 and Plutonium) in the 
Environment Near the Rocky Flats Nuclear 
Weapons Plant," September 1977 
Rockwell International, "Plutonium Concentrations in 
Soil on Lands Adjacent to the Rocky Flats Plant," by 
C T lllsley and M W Hume, Energy Systems 
Group, LPR-1,16 March 1979 
Rockwell International, "Disclosure to the Clty of 
Broomfield," 22 January 1985 

Rockwell International, "Soil Sample Collection and 
Analysts for Plutonium on Lands Adjacent to Great 
Western Resenroir for the City of Broomfield," by 
C T Illsley, EAC47-85-1,lO Apnl 1985 
Rockwell International, "Remedial Action Program 
on Jefferson County Open Space Land in Section 7, 
T2S, R69W, South of Great Western Reservoir," by 
C T Illsley, EAC-420-87-1 , 15 January 1987 
"Rocky Flats Plant Site Environmental Report," 
(publshed annually since 1971 by EG&G Rocky 
Flats, Inc and their predecessors, known pnor to 
1988 as "Annual Environmental Monitoring Report") 

Nature of Data 

Plutonium concentrations in soil samples collected 
in early 1970 from 33 sits extending as far as 40 
miles from Rocky Flats Plant, including sites within 
and around IHSS 199 

Plutonium concentrations in soil samples collected 
on November 17,1972 from 20 sites within and 
around IHSS 199 

Selected radionuclde concentrations (including 
plutonium) in soil samples collected in August, 1976 
from 25 sites within and around IHSS 199 

Plutonium and cesium1 37 concentrations in soil 
samples collected in 1977 from sites within and 
around IHSS 199 

Plutonium concentrations in soil samples collected 
in 1976 and 1977 from sites within and around IHSS 
199 

Page 9 Average plutonium concentrations in soils 
on City of Broomfield acreage at IHSS 199 Page 
15A Average annual plutonium concentrations in 
air and soil wlthin and around IHSS 199 
Plutonium concentrations in 15 composite soil 
samples collected in 1985 from 10-acre plots within 
the City of Broomfield acreage at IHSS 199 

Plutonium concentrations in composite soil samples 
collected in 1977 and 1985 from 10-acre plots within 
IHSS 199 

Summanes of all environmental investigations and 
monitonng conducted on and around the RFP 
dunng the current year (summanzes data included 
in monthly environmental monitonng reports) 
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TABLE A1.2 

PLUTONIUM IN SOIL AROUND THE ROCKY FLATS PLAN", APRIL 1,1970 

A. Complctmai 

I ReJect 

C Rcprcrewtlvoreir 

D Preasion 

Percent mwvuy d y n r  pwformd Deacnptm of mmnnum QAIQC data 
lncludcd NodoarmenttentedQArenew I E  I 
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TABLE A 1 3  

e COMMlTTEE EVALUATION OF PLUTOMUM LEVELS 
WITHIN AND SURROUNDING RFP, JULY 9,1971 

3 

5 

- 
6. 

hta Renew 

Diu Qurluy In- 

A. Completmur 

c RepresentulvmeIr 

I ReJect 
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TABLE A1.4 

SOIL SAMPLING EAST OF INDIANA AVENUE, NOVEMBER, 1972 a 

a Relect 

Relect 

culllot be used far a qumuutlve ruk uaeranmt bsuuK e d mcQI wu 
sunpled, md cdlecred m a mamer that m y  not qwucnt the true PU 
conca~traha~r d the ate Only m e  expoaun: pathway war urnpled (d). No UT 

or water dur u arrilrble M y  dated to the site 

D Preclrioa Data reported mmcilLmz. and IS not comparable wuh otherreporu No field 

comblad 

b p t n o  

Andyad 

ReJ- 

Reject 

Reject I comblad 

I 
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TABLE A1.5 

RADIO ACTIVE SOIL CONTAMINATION IN THE ENVIRONMENT NEAR 
THE ROCKY FLATS NUCLEAR WEAPONS PLANT, CDH 1977 

B SOPI 

Data Renew 

Data Qrullty hdrcltm 

A Completenus 

c. Repnsauruvmur 

Tlur report pauu a u t h e v a n h h y  mtroduced mthe malytad nrultr due to 
change m -le cdlomoa procedures It IS not p n b l e  to compare the ndta m 
thu rrport anrh othwnponr S m p h g  not petfamed bud on tanpod or rpltd 
V a m O U  

The dlu cumat be ured for i quan~nve nsk assesmmt because d y  sod medu 
war umpled, a d  collected m i m e r  that may n a  qmlcnt the true PU 
coucentntums d the nta Only one expcsun pathway w u  umpled (roll) No UT 
or water dur u avulable M y  dated to the ate 
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TABLE A1.6 

RESYLTS OF ANALYSIS FOR SPECIAL SOIL SAMPLES COLLECTED 
ADJACENT TO THE ROCKY FLATS PLANT SITE, SEPTEMBER, 1977 

Data U W y  Cntenr 

DurSavceI 
A Andyncd 

B N o n d y h c d  

Dur Renew 

RFPaprl99 a 0511 7/91 

c 



TABLE A1.7 

PLUTONIUM CONCENTRATIONS IN SOIL ON LANDS 
ADJACENT TO THE ROCKY FLATS SITE, MARCH 1979 

1 ReponrtoRuk 
Assessor I 

- 
3 

B SOPI 

C F d d d  
Anllytlul RecodI 

T)ltrsourcer 
A. Anllytlul 

B N ~ n - d y t l d  

4 

;1 
Dlta Rcvlew 

Diu Qruluy h&cuom 

A Completenus 

C Reprercntatwaqesr 

E Accuracy 

' e  
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TABLE A1.8 

DISCLOSURE TO THE CITY OF BROOMFIELD, JANUARY 22,1985 

C Reprcscntauvmerr r 
D Pnasim 

E Accuncy 

The dau collected cumot be uud for quantuatwe nsk ulcImcnt beuure only ral 
medu w u  rrmplod, and cdcctcd m a manner that may not nprumt &e m e  PU 
conccnmtum rt the ute. Only m e  exponrre p.thw.y w u  urnpled (loll) no au 
data u avukble dvealy dmq to the nte 

No m&uuoo o f  the number d field blanks, duphlw md nrndud roll uulyas, 
or dthey w m  evm colleued. Resulu nporred u ~mmrry ntherthrn complete 
data ref 

Reject 
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TABLE A1.9 

SOIL SAMPLING COLLECTION AND ANALYSIS FOR PLUTONIUM ON LANDS 
ADJACENT TO GREAT WESTERN RESERVOIR 

FOR THE CITY OF BROOMFIELD APRIL 10,1985 

B SOPs 

B N~a-uulytlul 

C Rep~rentluveners 

The nport aatas aplutocuum mca w u  236PU w u  dded to the wd ramplu afta 
componrrng to dermnme pmwt rscovery However. no tncer w u  dded to the 
field mmpk to u~lc 10046 reawery dunng the co&Umn md campontmg 
P-1 

Acap, Reject 

Reject 

ReJ- 
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TABLE A1.10 

REMEDIAL, ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND IN 
SECTION 7, T2S, R69W SOUTH OF GREAT WESTERN RESERVOIR JAN. 15,1987 

B SOPI 

B N a a d y t l d  

A d y t l c d  Methods 

Diu Renew 

E Accuracy The repat  tu a plutawn tnca wu 236PU w u  added totlm raJ aamplu after 
c o m p ~  to daermme percent recovery However, no tryrr was added to the 
field umplu to urn loock recovery dunng the rod collcdum md comp0utmp 
proarl 
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TABLE A l . l l  

SPECIAL REPORT 1989 CDH SURFACE SOIL SURVEY RESULTS 

B SOPI 

D a t a h W  

Data Qualuy IndlcuorI 

A Compluenar 

Data m m w  p~ocerr pnor to plbllcrtlcm of doarment u mknowa. Ibc tunclmur, 
level, and depth d m w  not mted m document 

No m&catua rf d.rr con#pon md uulynr problam a f f d  the canplctamr of 
data ref Arnrmplolr 11 the 100% of iampler collected wcm c0mctly d y d  
No data quahfien pnransd anth data 

Reject 

Sunpllne Reject 

Analyucd Reject 
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APPENDIX B 

GENERAL GUIDELINES FOR DEVELOPMENT 
OF A RISK ASSESSMENT 
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I 1.0 THE NATURE OF RISK ASSESSMENT 

I 

Regulatory X h O n S  are based on two &stmct elements, nsk assessment, the subject of h s  study, I .  
and nsk management. &sk assessment is the use of the factual base to estmate the potenhd 

health effects of possible exposure of mdmduals or popdahons to hazardous matenals and 

situahons fisk management is the process of weighmg pohcy altemahves and selechng the most 

appropnate regulatory achon, mtegrahng the results of nsk assessment wth enpeenng data and 

wth socud, economc, and pOhhCd concerns to reach a decision 

Ruk assessments contam some or all of the followmg five steps 

Hazard idenhficatlon The evaluatron of whether a parhcular chemcal is or is not 
causally Mexi to parhcular health effects 

Dose-response assessment The evaluahon of the relahon between the maptude 
of exposure and the probablllty of occurrence of the health effects m queshon 

Exposure assessment The evduahon of the extent of human exposure before or 
after applicatlon of r e d d  controls 

Risk charactemuon The descnpoon of the nature and often the magnitude of 
human nsk, mcludmg attendant uncemty 

Uncertamty analysis 

In each step, a number of declsion pomts (components) occur where nsk to human health can 
only be inferred from the avadable evldence Both s c i e n ~ c  judgements and pohcy choices may 

be mvolved m selectmg from among possible mferenaal bndges, therefore the tern "nsk 

assessment pohcy" is used to dIf&ImtIate those judgements and choices from the broader social 

and economc pohcy issues that are mherent rn nsk management decisions 
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2.0 TERMINOLOGY 

Despite the fact that nsk assessment has become a subject that has been extensively &scussed a 
m recent years, no standard dehaons have evolved, and the same concepts are encountered 

under dtfferent names The followmg sechons d~scuss the vanous terms and components 
common to nsk assessments and nsk management stu&es 

2 1 RISK ASSESSMENT AND RISK MANAGEMENT 

Rrsk assessment is used to mean the charactenzaaon of the potennal adverse health effects of 

human exposures to enwonmental hazards Rrsk assessments mclude several elements 

descnpaon of the potenhal adverse health effects based on an evaluaaon of results of 

epidemologx, clmcal, toxlcologc, and enwonmental research, extrapolanon from those results 

to pmhct the type and esamate the extent of health effects m humans under gwen condmons of 

exposure, judgements as to the number and charactensacs of persons exposed at vanous 

mtensihes and durahons, and summary judgements on the exlstence and overall maptude of the 

pubhc-health problem. ksk assessment also mcludes charactenzatlon of the uncertamnes 

mherent m the process of lnferrrng nsk 0 
The term nsk assessment is often gwen narrower and broader meanmgs than adopted here For 

some observers, the term is synonymous wlth quanataave nsk assessment and emphasizes 

rehance on numencal results A broader definihon lncludes ~UanaficatIOn, but also mcludes 

qualitatwe expressions of nsk Quanntaave esamates of nsk are not always feasible, and they 

may be eschewed by agencies for p o k y  reasons Broader uses of the term also embrace analysis 

of perceived nsks, compansons of nsks associated wth Merent regulatory strateges, and 

occasionally analysis of the economc and social lmphcahons of regulatory decisions -- funChOnS 

that are assigned to nsk management. 

The term nsk management is used to descnbe the process of evaluating altemahve regulatory 

achons and selecang among them k s k  management, whch is camed out by regulatory agencies 

under vanous legslatwe mandates, is an agency deasion-malung process that e n d s  

considerahon of pohhcal, social, economc, and enpeenng mformaaon wth nsk-related e 
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infonnatlon to develop, analyze, and compare regulatory options and to select the appropnate 

regulatory response to a potenhal chromc health hazard. The selection process necessanly 
requms the use of value judgements on such issues as the acceptabihty of nsk and the 

reasonableness of the costs of control 

2 2  3 NENTS 

fisk assessment can be d~wded mto four major steps hazard idenflication, dose-response 
assessment, exposure assessmen& and nsk charactenzation A nsk assessment mght stop wth 

the first step, hazard idenaficatiOn, If no adverse effect is found or If an agency elects to take 

regulatory action wthout further analysis, for reasons of pohcy or statutory mandate For h s  

site, the hazard idenafication, although mcomplete, has dehtely estabhshed that plutomum is 
present, and thus must continue through the subsequent steps 

Of the four steps, hazard idenafkahon is the most easlly recognized m the actions of regulatory 

agencies It is defined here as the process of dete-g whether exposure to an agent can cause 

an mcrease m the mcidence of a health COndItiOn (cancer, bmh defect, etc) It mvolves 

charactenzmg the nature and strength of the ewdence of causatlon Although the queshon of 

whether a substance causes cancer or other adverse health effects is theoretically a yes-no 

question, the= are few chexmcals on whch the human data are defimtive Therefore, the 

question is often restated m terms of effects m laboratory d s  or other test systems, e g , 
"Does the agent mduce cancer m test anmals7" POSitiVe answers to such quesaons are typically 

taken as ewdence that an agent may pose a cancer nsk for any exposed humans Informahon 

from short-term m vitro tests and on structural sirmlanty to known chermcal hazards may also 

be considered 

0 

Dose-response assessment is the process of charactenzmg the relation between the dose of an 

agent admmstered or received and the mcidence of an adverse health effect m exposed 

populahons and e s m m g  the mcidence of the effect as a funchon of human exposure to the 

agent It takes account of mtensity of exposure, age pattern of exposure, and possibly other 

vmables that rmght affect response, such as sex, llfestyle, and other modrfylng factors A dose- 

response assessment usually requires extrapolation from hgh to low dose and extrapolation fn>m 
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anunals to humans A dose-response assessment should descnbe and J U S U ~ Y  the methods of 

extrapolanon used to p d c t  mcidence and should charactenze the staasncal and biologc 

uncemnues m these methods. 
0 

Exposure assessment IS the process of measuring or esumatmg the mtensity, frequency, and 

duranon of human exposures to an agent currently present 111 the envmnment or of eStUmMg 

hypotheucal exposures that mght anse from the release of new chemcals mto the enwonment. 

In its most complete form, it descnbes the magmtude, duraaon, schedule, and route of exposure, 

the size, nature, and classes of the human populanons exposed, and the uncertamues m all 

esumates Exposure assessment is often used to idenufy feasible prospectwe control opbons and 

to p d c t  the effects of avdablc control technologes on exposure 

h k  charactemation is the process of estmatmg the mcidence of health effects under the vanous 

condlbons of human exposure descnbed m exposure assessment It is performed by combmng 

the exposure and dose-response assessments The summary effects of the uncemnues m the 

precedmg steps are descnbed in thu step 

The relauons among the four steps of nsk assessment and between nsk assessment and nsk 
management are depicted m Figure B-1 The type of research infornabon needed for each step 

is also illustrated 
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I 3.0 SCIENTIFIC BASIS FOR RISK ASSESSMENT 

31 STEP1 HAZARDIDENTIFICATION e 
Although the nsk assessment process as it is currently pracaced by federal agencies for the 
esamaaon of carcmogemc nsk contams several relaavely new features, the scientific basis for 

much of the analysis done m nsk assessment is well estabhshed This 1s especially true of the 

first step m the assessment process, hazard idenafkaaon Four general classes of mformaQon 
may be used m this step epidermolop data, anunal-bioassay data, short-ten6 stuhes, and 
compansons of molecular structure 

3 1 1 E~idemologlc data 

Well-conducted stuQes that show a posiave associaaon between an agent and a hsease are 

accepted as the most convlncmg evldence about human nsk This evldence is, however, drfficult 
to accumulate, often the nsk is low, the number of persons exposed is small, the latent penod 

between exposure and hsease is long, and exposures are mucd and mulaple Thus, 
epidemologc data requm careful mterpretaaon Even If these problems are solved saasfactonly, 
the preponderance of chemcals m the enmnment  has not been stuQed wth  epidemologc 
methods, and we would not wsh  to release newly produced substances only to Qscover years 

later that they were powerful c m o g e m c  agents These h t a a o n s  requm rehance on less 

duect evldence that a health hazard exlsts 

3 12 Animal Bioassav Data 

The most commonly avadable data m hazard idenafkaaon are those obtamed from m a l  

bioassays The mterference that results from mmal expenments are apphcable to humans is 
I 

I fundamental to toxlcologx research, thls premse underlies much of expenmental biology and 

medlcine and is logcally extended to the expenmental observaaon of carcmogenic effects I 
Despite the apparent validrty of such inferences and thew acceptabhty by most cancer 

researchers, there are no doubt occasions in whch observatlons m m a l s  may be of highly 

uncemn relevance to humans 
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Consistently posihve results 111 the two sexes and m several strams and species and higher 

rncidences at hlgher doses consatute the best evidence of carcmogemcity More often than not, 

however, such data are not avadable Instead, because of the nature of the effect and the h t s  

of detecaon of atllmal tests as they are usually conducted, expenmental data leadmg to a posiave 
fmdmg sometunes bmly  exceed a stausacal threshold and may mvolve tumor types of uncertrun 

relaaon to human carcinogenesis. Interpretauon of some d data may therefore be Mficult. 

Nomthstandmg uncertambes assmated wth interpretaaon of some d tests, they have, m 
general, proved to be reliable mdxators of carcmogemc properhes and wll conmue to play a 

pivotal role 111 efforts to idenm carcmogens 

3 13 Short-Term Stuhes 

Considerable expenmental evidence supports the prOpoSihOn that most chemcal carcmogens are 

mutagens and that many mutagens are carcmogens As a result, a positwe response m a 

mutagenicity assay is suppomve evidence that the agent tested is ldcely to be carcinogenic Such 

data, m the absence of a pOSlhVe d bioassay, are rarely, If ever, sufficient to support a 
conclusion that an agent is cmogemc Because short-term tests are rapid and mexpensive, they 

are valuable for screemng chemcals for potenhd carcmogemcity and lendmg adchaonal support 

to observaaons from d and epidemologx mvesngauons. 
@ 

3 14  CornDansons of Molecular Structure 

Cornpansons of an agent’s chemcal or physical properhes with those of known carcmogens 

provides some evldence of potenttal carcmogemcity Expenmental data support such aSsWiahOnS 

for a few structural classes, however, such studes are best used to iden* potenaal carcmogens 

for further lnvesagaaon and may be useful in pnmty-semg for carcmogemcity tesang 

3 2 STEP 2 DOSE-RESPONSE ASSESSMENT 
In a small number of mstances, epidemologx data pemt a dose-response relahon to be 

developed k t l y  from observaaons of exposure and health effects 111 humans If epidexmologx 

data are avdable, extrapo1ahons from the exposures observed m the study to lower exposures 

expenenced by the general populaaon are often necessary Such extrapolaaons mtroduce 

uncertzunty mto the esamates of nsk for the general populaaon Uncertamaes also anse because 
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the general popUlahOn mcludes some people, such as chddren, who may be more suscepnble than 

people in the sample from whch the epidemologc data were developed. 

The absence of useful data is common for most chemcals bemg assessed for carclnogenxc effect, 
and dose-response assessment usually e n d s  evaluatmg tests that were performed on rats or mce 

The tests, however, typically have been designed for hazard idenhficahon, rather than for 

detemnmg dose-response relahOnS Under current teshng praChCe, one group of d s  is 
given the hghest dose that can be tolerated, a second group is exposed at half that dose, and a 
control &roup is not exposed. (The use of hgh  doses is necessary to maxlIlllze the sensihwty 

of the study for dete-g whether the agent bemg tested has cmmogenxc potenhal) A 
hdmg in such studtes that mcreased exposure leads to an mcreased madence has been used 

pnmanly to corroborate hazard identficahon, that is, to show that the agent does mdeed mduce 
the adverse health effect. 

The teSMg of chemcals at hgh doses has been challenged by some SclenhStS who argue that 

metabolism, or chemcals Mer at hgh and low doses; 1 e ,  hgh doses may overwhelm normal 

detoxificahon mechasms and prom& results that would not occur at the lower doses to which 

humans are exposed An addmond factor that is often raised to challenge the vahdtty of mal 
data to indtcate effects m man is that metabohc hfferences among m a l  species should be 

considered when anmal test results am analyzed Metabohc Mferences can have unportant 

effects on the validtty of extrapolatmg from animals to man lf, for example, the actual carcinogen 

is a metabohte of the adrrrrmsteEd chemcal and the m a l s  tested Mfer markedly from humans 

m thelr produchon of that metabohte A related pomt is that the actual dose of carcinogen 

reachmg the affected hssue or organ is usually not known, thus, dose-response mfoOmMhOn, of 

necessity, is based on adrrrrmstered dose and not hssue dose Although data of these types would 
certiunly unprove the basls fur extrapohtmg from hgh to low doses and from one species to 

another, they are ddficult to acqm and often unavadable 

0 

Regulators are interested m doses to whch humans mght be exposed, and such doses usually 

are much lower than those admmstered m ammal stuhes Therefore, dose-response assessment 

often requrres extrapolatmg an expected response curve over a wde range of doses from one or 
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two actual data points In addmon, Mferences m size and metabohc rates between man and 

laboratory ammals reqw that doses used expenmentally be converted to reflect these 

Mferences 0 
3 3  STEP3 EXPOSUREASSESSMENT 
The first task of an exposure assessment is the deterrmnah0n of the concentranon of the chemcal 

to whch humans are exposed. "Ius may be known from h t  measurement, but more typically 

exposure data are mcomplete and must be esamated Models for esamahng exposure can be 
complex, even m the case of structured achwty, as occurs m the workplace Exposure 
measurements made on a small group (e g ,  workers m a paracular mdustnal firm) are often 

apphed to other segments of the worker pOpUlahOn 

Exposure assessment in an occupahond sethng consists prunanly of esmnon of long-term 

aubome exposures m the workplace, however, because an agent may be present at vanous 

concentrahons in &verse occupanonal sethngs, a census of exposures is Mficult and costly to 

conduct In the commu~ty enmnment, the ambient concentrahons of chemcals to whch 

people may be exposed can be estunated from emssion rates only If the transport and fate 

processes are known ~ternahve enpeenng control OphOnS reqm Mferent eshmates of the 

reduchon m exposure that may be acheved For new chemcals with no measurement data at 

all, rough eshmahons of exposure are necessary 

0 

Some chemcal agents are of concern because they are present m foods or may be absorbed when 

a consumer product is used. Assessments of exposure to such agents are complicated by 

vanahons m &et and personal habits among hfferent groups m the populahon Even when the 

amount of an agent m a food can be measured, Mferences m food storage pracbces, food 

preparanon, and detary frequency often lead to a wde Vanahon m the amount of the agent that 

mdmduals mgest. Patterns of use affect exposure to many consumer products, for example, a 

solvent whose vapor is potentially tomc may be used outdoors or it may be used m a small, 

poorly venhlated room, where the concentrahons of vapor m the au is much hrgher 
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4.0 USER’S GUIDE: RADIONUCLIDE CARCINOGENICITY 

The Health Effects Assessment Summary (HEAST) Table C summanzes the cancer slope factors e 
and unit nsk values for selected donuclides of potenhal concern at Superfund sites 

contamnated wth radroacave matenals. These values were calculated by the Office of W a h o n  

Programs (OW) and m mended for use by EPA nsk assessors d m g  human health nsk 

assessments conducted as part of the Superfund remdal mvesagaaodfeasibhty study (RUFS) 

process HEAST users should apply these values as specdied by the rdahon nsk assessment 

pdance promded m thls sechon and m Chapter 10 of the h s k  Assessment Gudance for 

Superfund, Volume I, Human Health EvaluaQon Manual, Part A (EPA/540/1-89/002), whch is 

avdable from the Center for Enwonmental Research Informahon at (513) 569-7562 As nsk 
assessment methodologes axe refmed, slope factors and tuut nsk values wdl be remsed and 

updated m Table B 1 

EPA classfies all radtonuchdes as Group A camnogens based on then property of emtang 

iorumg radtahon and on the extensive weight of ewdence promded by epidemologd studes 

of rdahon-mduced cancers m humans. Data denved from both human studes and mmal 

expenments are used by EPA to construct mathemahcal models of exposure, dose, and nsk to 

estunate radtonuclide slope factor values These models consider pathways of exposure, the 

hstmct metabohc behamor of each element by compound and the d o l o g c a l  charactenstm of 

each nuchde of concern, the tune and durahon of exposure, the dosensi tmy of each target 

organ in the body, the latency penod for cancer expression m these organs, and the age and sex 

of mdwiduals m the exposed populahon 

0 

Slrmlar to chemcal nsk models, d a t l o n  models extrapolate cancer nsks at low dose and dose 

rate exposures from nsks observed at hgher doses usmg non-threshold, bear  dose-response 

relaaonships Because of the d a b o n  nsk models employed, slope factors for donuchdes are 

charactenzed as best e s m t e s  (1 e , m u m  Irkelhod estimates) of the age-averaged Metune 

total excess cancer nsk per tuut mtake or exposure HEAST users should consult Volume I of 

the Background Informahon Document for the Draft Enwonmental Impact Statement for 
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Proposed NESHAps for R&onuchdes @PA 520/1-89-005) for a more demled dwxssion of 

EPA's current r&aaon nsk assessment methodology 

QUantItahVe carcmogemc factors hsted m Table B 1 mclude the followmg 

slope factor = nsk per umt mtake of exposure = nsk per pCi lnhaled or mgested or as 
nsk per year per P a m 2  due to external exposure 

pathway-speclfic umt nsk = nsk per umt concentraaon m am, dnnlung water or sod 
(external exposue) = nsk per pCdm3 (au), nsk per pCVL (water), nsk per p a g  
(external exposure), or nsk pCdg (soil mgesaon) 

Umt nsk estunates for au, mhalaaon, dnnlang water, and sod mgesaon pathways promded m 

Table C were calculated by mulaplymg the appropnate lnhalaaon and ingesaon slope factors by 

the inhalaaon rate (20 m3/day), the water ingesaon rate (2 Wday), or the sod ingesaon rate 

(109 mg/day), respectwely, and by mulaplymg all values by the total number of days 111 70 years 

(1 e ,  by the hfeame exposue = 365 days& x 70 yrs = 25,550 days) Hence 

nsk per pWm3 (au) 

nsk per pCJL (water) 

= slope factor (nsk per pc1 haled) x 
20 m3/day x 25,550 days 

= slope factor (nsk per pc1 mgested) 
x 2 Uday x 25,550 days 

nsk per pCdg (sod) (sod mgested) = slope factor (nsk per pCi ingested) 
x ([02 &day x 1,825 days] + [0 1 
&day x 23,360 days]) 

The designahons "D," "W," and "Y" presented under the headmg "ICRP Lung Class" in Table C 
refer to the lung clearance tunes for lnhaled pmculate mhonuchdes expressed as days @), 

weeks (W), or years (Y), as recommended by the Internaaonal Comrmssion on W o l o g m l  

Protecaon (ICRP) "GI 

Absorphon Factors, f," are the fracaonal amounts of each donuchde that may be absorbed from 

the gastrointestmal (GI) tract mto blood followmg an oral mtake The ICRP lung clearance rates 

and GI absorphon factors promded m Table C are default values used by the EPA to calculate 

mhonuchde slope factors for mhalaaon and lngesaon exposures, respecavely Apphcaaon of 
values other than those specified m Table C wdl result m slope factors and umt nsk eshmates 

Gaseous mhonuchdes, e g ,  Rn-222, are assigned to class "g"  
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chfferent from those provided m the table At this m e ,  EPA recommends that nsk assessors 

should not replace or substltute for the default values hsted 
@ 

Values listed m Table C for external exposure are best esamates of the Ideame cancer nsk due 
to the mdaaon  of an mdmdual exposed to gammaemtang rdonuchdes umformly med 111 

sod Unit nsk esamates for thls pathway were calculated by mukiplymg the appropnate ground 

surface slope factors by the efftctlve surface density of sod (1 e ,  143 kg/m2 = 0 10 m [sod depth] 
x 1 43xld kg/m3 [sod density]), and by mulaplymg al l  values by 70 years (i e ,  by the hfeame 

exposure) Hence, 

nsk per pWg (sod) = slope factor (nsk per year per 
pCdm2) x 143 kg/m2 x lo3 (fig) x 
70 years 

To estunate nsk-speclfic concentratlons m (UT from the umt nsk m (UT as presented m Table C, 
the specified level of nsk is &mded by the umt nsk for au Hence, the au concentrabon (m 

pCl/m3) correspondmg to a best estunate of the mcreased hfeame cancer nsk of lx105 is 

calculated as follows a 
pcdm3 (UT = umt nsk 111 @Wm3) * 

Sdar ly ,  to esamate nsk-speclfic concentratlons m water and rn sod (mgesbon exposure), the 
specified level of nsk is & w W  by the umt nsk for dnnk;mg water or sod mgesuon Hence, the 

water concentrabon (m p C 6 )  cmspondmg to a best estmate of the mcreased hfeame cancer 

nsk of lx105 is calculated as follows 

ixio pCI/L m water 
= umt risk ~fl (p0.L)' 
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and the sod concentration (m pWg) cmspondmg to a best estimate of the mcreased Metune 

To estimate nsk-spec& concentrahons in sod from the umt nsk from external exposure as 

presented m Table C, the specified level of nsk is chvlded by the umt nsk for sod Hence, the 

sod concentration (in pwg)  cmspondmg to a best e s w t e  of the mcreased hfetime cancer nsk 

of l X l O 5  1s calculated as follows 

I 

I 

I 

cancer nsk of 1x10' is calculated as follows I. 
1x10 

pcl/g ln soil umt nsk m (pwg) 
(sod mgestion) (mgestion exposure) = 

1x105 

umt nsk m (pWg)-' 
(external exposure) 

pcl/g ln sod 
(external exposure) = 

4 1 RISK CALCULATION - USE OF SLOPE FACTORS 

The rdonuchde slope factors m Table C of HEAST are the age-averaged hfeme excess total 

cancer nsks per umt mtake or exposure An estmate of the total hfetime excess cancer nsk due 

to continuous mternal hfetune exposure (1 e ,  a 70-year average hfespan) to a rachonuchde is 

therefore 

RL = (SFJ (I) TJ 

where 

RL = total ltfetune excess cancer nsk 
SFL = HEAST rdonuchde mtake slope factor (pa) ' 
I = annual rdonuchde actiwty mtake @Cdyr) 
TL = 70-year Metune exposure (years) 

e 
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An estimate of the total Metme excess cancer nsk due to conmuous external exposure to a 

donuchde deposited on ground surfaces is 

RL = (SF3 (C) 0 
0 

where 

RL = total hfeme excess cancer nsk 
SFL = HEAST mhonuchde external exposure slope factor (yr - p a )  
C = rdonuchde concentrauon m sod (pWg) 
TL = 70-year hfetrme exposure (years) 

External slope factors do not mclude contnbutions from decay products In some cases, these 

contnbutions can be substantial and should be factored mto the nsk calculattons For example, 

to estimate the total h f e m  excess cancer nsk due to conmuous, hfetune external exposure to 

sod contarmnated with PU-239, and Pu-240 (assummg secular equhbnum) should be calculated 

as the summatton of the nsks contnbuted by Pu-240 and the decay product that emts photon 

rdatiOn, such as Am-241 

The content of slope factors for chemcals has been well estabhshed by toxlcologsts to quanw 

nsks of chemcal-induced cancer based on chemcal mtake-response curves EPA recently 

adopted this methodology to quanafy dation-mduced cancer nsks for donuchdes m HEAST, 

Table C The HEAST slope factors for 

rdonuchdes that are potenttal chemcals of concern at MSS are presented m Table B 1 Before 

mtroducmg EPA’s methodology for ra&onuchde slope factors, it is necessary to descnbe the 

conventlonal approach to nsk assessment A descrrpnon of mtemal exposure is presented 

because the CdCUlatiOn for thls mute of exposure is sufficient to W s h  a clear p a r d g m  of h s  

standard methodology 

This is novel for all mholog~cal nsk assessors 

4 2 DESCRIPTION OF CONVENTIONAL METHODOLOGY FOR RADIOLOGICAL RISK 

ASSESSMENT 
Conventional nsk esmauon for chromc mtake of a donuchde mvolves two mdependent and 

separate steps The first step is to calculate the Metune Comrmtted Effectlve Dose Equvalent 

(CEDE) from the chronic hfeme mtake of the ra&onuchde The CEDE is the weighted sum 
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of the total dose equivalent m target organ(s) deposited over the 50-year penod followmg the 

mtake of a donuchde The absorbed dose m the target organ(s) IS calculated usmg ICRP 

respvatory and GI tract models (ICRP, 1979) The second step is to eshmate the nsk associated 

wth the hfehme CEDE 

In the first step, the hfetune CEDE is obwed by mulaplpg the dose conversion factor (Do, 

the CEDE per u t  mtake, by the total mtake over the 70-year hfehme 

CEDE, = hfetune comrmtted effecave dose equivalent (mrem) 
I = annual donuchde aChWty mtake @Cdyr) 
TL = 70-year Irfehme exposure (years) 
DCF = dose conversion factor (mredpci) 

In the second step, the radtahon-mduced cancer nsk is eshmated usmg a nsk coefficient (excess 

fatal cancerdmrem) to relate the hfetune CEDE (mrem) to the hfetme excess radtogemc cancer 

deaths ICRP Pubhcaaon 26 (ICRP, 1977) and NCRP Pubhcahon 91 (NCRP, 1987) recommend 

the use of age-independent nsk coefficients of 1 2 5 ~ 1 0 ~  and lOOxla6 excess cancer deaths, 

respecavely, for every umt CEDE (mrem) received to assess the hfehme excess fatal cancer nsk 
Followng is thls reCOmI'MmdahOn 

0 

where 

RL = hfetune excess fatal cancer nsk 
RC, = hfetune fatal cancer nsk per unit dose (mrem) 
CEDE, = hfetune comrmtted effecave dose equivalent (mrem) 

Thus, based on the DCF that uses the 50-year dose comrmtment model, the CEDE from a 
constant chronic exposure is considered to be invanant over the indmdual's 70-year hfeame 

Because each step esamates Cumdahve dose and nsk over 70 years, both the hfetime dose 

equvalent and the hfetune dahon-mduced nsks are obtamed and can be uthzed mdependently 

m the decision-malang process 
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The followng is a descnpaon of EPA’s methodology to calculate the slope factors for both 

mternal and external exposure to radtonuchdes 

4 3 DESCRIPTION OF EPA’S METHODOLOGY FOR SLOPE FACTORS 
4 3 1 Internal Ex~osure 

There are three main steps mvolved m EPA’s eshmaaon of the nsks due to exposure to umt 

mtake of a radronuchde (1) the annual dose to suscepable organ(s) m each year of Me is 
calculated, (2) the annual dose m each year of Me is related to the age-dependent cancer nsk, 
and (3) the hfeame cancer nsk is obmned by sumrmng the annual nsks to a hypotheacal cohort 

wth an actuanal Me table 

In the fvst step, EPA calculates mstantaneous hlgh- and low-hear energy transfer (’LET) 
absorbed dose rates and annual doses for each organ followmg one umt of h a l e d  or mgested 

radlonuchde at a constant rate for a Metme exposure The mternal dose models (GI tract and 

lung models) that EPA uses to calculate doses are age-independent and are smlar or idenacal 

to the models used in ICRP (1979, 1980, 1981) 

In the second step, the nsk of fatal cancer from each year’s dose is calculated usmg age- and 

organ-speclfic nsk models adapted from the BEIR III report (National Academy of Sciences 

[NASI 1980) These nsk models used by EPA are descnbed m the followmg paragraphs 

To project the number of nubaaon-mduced leukema and bone cancer fatalms, EPA uses an 

absolute nsk model, a 2-year latency penod, and a 25-year expression penod. An absolute nsk 
model prehcts an absolute annual number of excess fatal cancers m future years m the case of 

a populaaon exposed at a gven age per umt dose 

To esamate the number of fatalmes resdMg from other cancers, EPA uses a relative nsk model, 

a 10-year latency penod, and the r e m d e r  of an exposed person’s hfetune as the expression 

penod The relaave nsk model projects the cmntly observed percentage mcrease 111 annual 
fatal cancer nsk per umt dose mto future years (1 e , the mcrease is propomonal to the underlymg 

[background] fatal cancer nsk) 
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A central feature of thts methodology is that it allows for other causes of death, so-called 

"compeang nsks" occumng wthm the latent penod, m the estunaaon of Metune rdaaon nsks 
If an mdwdual that had been exposed to mbaaon m a gven populaaon dled either accidentally 

or from natural causes, beforc the cancers resulang from &anon are expressed, this death 

would not be counted as a mhaaon-mduced fatahty A Me table consists of data descnbmg age- 

specific mortahty rates from all these compeang nsks A Me table consists of data descnbmg 

age-spec& mortahty rates from all causes of death for a gven populahon EPA uses momhty 
data from 1969 to 1971 Umted States populaaon (Naaonal Center for Health Staasacs [NCHS] 

1975) in thts nsk esamaaon 

0 

To mplement the hfehme nsk esamaaon, EPA uses both absolute and relaave nsk models (as 

m the second step) 111 conjunchon wth actuanal Me tables (as 111 the thud step) to esamate the 

number of mcremental fatahhes 111 a gwen populaaon, or "cohort," due to mhaaon-mduced 

cancer in the reference organ as a result of the annual dose of each year of Me The hypothettcal 

EPA cohort consists of 100,OOO persons born at the same tune and all subject to the same 

compehng nsks of death throughout ther llfetunes Rdaaon exposure is assumed to b e p  at 

bnth and conanue throughout the hfetme of each indwdual By applymg the 1970 age-specfic 

mortality data for all causes, thls populaaon of 100,OOO persons is reduced for each year of llfe 

unal all members of the cohort have dled at 110 years 

The mcremental number of deaths m the cohort due to mhaaon-mduced cancer for a gven organ 

is eshmated for each year usmg appmpnate nsk models and the calculated doses d w g  that year 

and relevant precedmg years The total number of mcremental deaths for the cohort is obmed 

by sumrmng the mcremental number of deaths for each year over all  organs for 110 years 

Therefore, the age-averaged hfetune excess fatal cancer nsk per u t  mtalce of the rdonuchde 

is sunply the average number of mcremental deaths over the 110 years for each mdmdual m the 

cohort 

The donuchde slope factors m HEAST, Table C, are the age-averaged Metune excess total 

cancer nsks, mstead of fatal cancer nsks, per unit intake Each slope factor has been calculated 
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by dwdmg the excess fatal cancer risks for the radionuclide by the mortality to mcidence nsk 

ran0 for the type(s) of cancer mduced by the radonuclide 
@ 

4 3 2 External Exmsure 

EPA nsk esamanon for exposure to sod contammated wth gamma-emmg radlonuchdes is 
based on the scenmo that an mdmdual stands on an lnfimtely h c k  slab of sod wth a umform 

source concentratton for hs e n m  Me (e g , a 70-year average Me span) Thls EPA scenano 
mvolves three mam steps 

In the fmt step, the absorbed dose rate m w at 1 m above ground (which represents the average 

height of body organs for an mdmdual standmg on the ground) must be calculated. To manage 

complicated calculanons for photon attenuaoon and scattemg sod, EPA sunpllfies the situation 

by assummg that mstead of standmg on the infiiitely duck slab of soil, this idmdual stands on 

a smooth mfiite plane source wth a c e m  d o f m  surface concentranon "Ius surface 

concentranon is obwed by confitllng the enure quannty of rad~oacnmty w h  the top 10 cm 

of the sod slab to the very ground surface (zero depth) mstead of ufonnly dspersmg it m the 

sod Consequently, EPA's hypothetical plane source wth the zerodepth activity considers no 

sod sheldmg for the mdmdual EPA's w and organ dose rate(s) calculauon and the associated 

nsk esamauons, whch wdl be discussed later, are therefore based on the hypotheucal plane 

source model mstead of the lnfulltely h c k  slab source model The conversion between the sod 

concentranon (pCdg) m the sod slab and the EPA hypothencal surface concentratton can be 

obtamed from the sod density of 1 43x103 (kg/m3) and EPA's 10 cm sod depth concern One 

umt of sod concentranon (1 pWg) m the slab would correspond to a hypothencal surface 

concentratton m the followmg manner 

0 

1 43x105 @cl/m2> = @Cdg)xO 1 (m) (depth)x143x1@ (kg/m3) (density)x103 (glkg) 

where 0 1 m (sod depth) x 143xld kg/m3 (sod density) = 143 kg/m2 IS the effecnve surface 
density of sod 

One urut of surface concentrauon (1 pcl/m2) on the sod surface would correspond to a 

concentranon m the slab m the followmg manner 

e (1 43x10s)' = 7x10'6 (pWg) 
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Thus, instead of calculahng the a r  dose at 1 m above an mfmtely thick soil slab source, EPA 

calculates the au dose rate at 1 m above a hypothencal i n h t e  plane source If an indmdual 

is actually standmg on a umform slab source with a sod concentranon of 1 pCdg, EPA would 

report the 1 m au dose rate, hls organ dose rate(s), and the associated cancer nsks the same as 

those obtzuned from a plane source wth a surface concentranon of 143xld pWm2 On the 

other hand, EPA’s report for the cancer nsks from one umt of surface concentranon (1 pCl/cm2) 

is meant to be for the actual situahon If the mdwdual is exposed to a u I l l fm slab source wth 
a sod concentranon of 7x1O6 pcJg 

- 

In the second step, the absorbed rate m au must be converted to an organ dose rate The raho 

of the organ dose rate has been calculated for vanous organs at vanous photon energes for the 

case of immersion m contammated au Ideally, a separate set of the raho values would be used 

for the angular and spectral dlstnbuhons of mcident photons from a d o r m  plane source 

Because these data are not avdable, EPA uses the same set of the raho values for the au 

unmersion case as for the ground surface case 

@ In the thud step, the annual dose m each year of llfe is related to the age-dependent cancer nsk, 

and the lrfetune cancer nsk is obtamed by sumrmng the annual nsks to a hypthehcal cohort wth 

an actuarial Me table Thls step is a combmanon of steps (2) and (3) descnbed m Secnon 4 3 1 

The nsk from each year’s dose for each organ as obtamed from step (2) is agam calculated usmg 

EPA’s life table concept m conjunchon wth the age- and organ-specfic nsk models The total 

number of mcremental deaths from Metme ground surface exposure m the 100,000-person cohort 

is also obtzuned by sumrmng the mcremental number of deaths for each year for 100 years The 

age-averaged hfehme excess fatal cancer nsks per umt surface concentrahon of a donuchde 

is the average number of matmental cancer deaths over the 110 years for each indmdual m the 

cohort Usmg the modty-to-mcidence nsk raho for the sigmficant types of cancer that the 

external exposure may mduce, P A  converts the fatal cancer nsks to the total cancer nsks as 
requmd for the slope factors. 
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4 4  COMPARISON BETWEEN CONVENTIONAL AND EPA’S METHODOLOGIES FOR 

RISK ASSESSMENT 

There a x  two pnncipal Werences between the convenaonal and EPA methodologes for 
0 

rdologcal nsk assessment. Fmt, the convenaonal nsk esamaaon method produces an esamate 

of the nsk of rdogemc cancers that are fatal and uses an age-mdependent nsk coefficient The 
EPA nsk esamaaon method produces an esamate of the nsk of all cancer mcidence and employs 

age-dependent nsk coefficients Second, the convenaonal nsk estunaaon method mvolves 

calculaaon of dose (CEDE) before calculahon of cancer nsk The EPA nsk estunaaon 

methodology usmg HEAST slope factors esamates cancer nsk dvectly from esamated 

donuchde mtake and bypasses calculaaon of CEDE Calculatmg the CEDE mvolves much less 

uncemn models than esamatmg dogenic nsk ’ h s  is one mam reason why the convenaonal 
nsk assessment for a hfeame d a a o n  exposure mvolves calculaaon of hfetme CEDE The 

convenaonal methodology separates the more certam step (hfetme CEDE calculaaon) h m  the 

less certam step (Metune nsk estunaaon) m the nsk assessment process Ttzls enables the 

rdologcal nsk assessors and remdal acaon decision makers to use both dose and nsk 

parameters, takmg mto considexmon the degree of confidence and c e m t y  m each 

The convenaonal method prowdes a fundamental parameter (1 e ,  the hfetme CEDE from a 

chronic exposure to a rdonuchde) that prowdes for companson of the llfetune CEDE wth 

estabhshed dose lmts The Wetime nsks associated wth the Wetme CEDE depend on only one 

factor the nsk per unit effecave dose equivalent, whch is subject to vanaaon as new scienafk 

mformaaon used to develop nsk coefficients becomes avadable In EPA’s methodology for 

esamaang the lrfeame rahogemc nsk using slope factors, the step mvolwng dose esamaaon is 
in&sanct, therefore, the calculated hfeame dose equivalent is not avdable Thus, the 

mhonuchde slope factors only p w d e  the relaaonshp between the hfeame rdogemc nsk, 
whrch has a relaavely hgh maptude of uncertamty, and the mhoacawty mtake Superfund 

rdologcal nsk assessors also need to calculate the hfeame CEDE as used m the convenaonal 

approach to f m s h  more menafic mfomaaon for decision makers Th~s is even more unportant 

at present because the slope factors for mhonuchdes are undergoing rewew and rewsion m 
HEAST, Table C 
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APPENDIX C 

GENERIC RISK ASSESSMENT FOR EXPOSURE 
TO PLUTONIUM CONTAMINATION IN SOIL 
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1.0 SOME CONCEPTS OF RISK ASSESSMENT 

The pnncipal a m  of radrahon ProtechOn is to reduce the nsk of detnmental health effects from 
e 

radrahon exposure Rrsk has been defined as the probabhty that a detrimental health effect wdl 

occur in an mdmdual or populaaon M d t y  nsk factors are helpful m idenhfyng levels of 

nsk associated with vanous (LchvlheS and occupaaons M d t y  nsk factors are hsted m 

Table C 1 for vanous events Almost every aspect of modern hwng exposes people to health 

nsks This table hsts the eshmated nsk of death to an indrwdual from vanous human-caused and 

natural events In all cases the numbers hsted in h s  table a.re only eshmates based on the best 

guesses that can be made wth our present knowledge 

Rsk is usually expressed as either absolute nsk or rekihve nsk. When apphed to radlahon 

exposure an in&vidual’s absolute nsk of m d t y  for a speclfic cause such as cancer is the 

excess nsk from exposure added to hs/her background nsk of death from cancer The term 
hfetune excess cancer nsk is used to descnbe the porhon of absolute nsk RSulMg from 

exmsure 

The carcmogemc nsk or the cancer nsk factor (hfetune excess cancer nsk) prowdes an eshmate 

of the a d d I h O d  mcidence of cancer that may be expected m a populanon exposed to a gwen 

contarmnant. A nsk of lo5, for example, mdlcates a probabhty of one addmonal case of cancer 

for every 100,OOO people exposed. A nsk of loa would be 1 case m 1 d o n  people exposed 

@PA, 1985) On an mdmdual basis the cancer nsk factor descnbes the addIhOnd nsk or 

probability of death from cancer mcumd as a result of exposure 
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TABLE C.l 

PROBABILITY OF DEATH BY VARIOUS CAUSES' 
(LJ S Populatlon Average for 1978) 

Indmdual Nsk (Lfieme 
Cause Total Number of Deaths Probabhty)b 

Accidents 
Motor Vehlcle 
Azr Transport 
Radway 
Falls 
FUC 
Dr0-g 
Industnal 

Elecaocutlon 
Explosion 

FVearmS 

52,411 1 28x102 
1,880 6 Ox104 

602 2 &lo4 
13,690 4 4x10 
6,163 2 0 x 1 0 3  

5,784 1 9x103 
5,168 1 7x104 

984 3 2X1O4 
562 1 8x104 

1,806 5 8x104 
Diseases 

Cdovascular 964,OOO 3 1x10' 

InfluenzaPneumoma 58,230 1 9x102 
Diabetes 33,800 1 l X l O 2  

Lightnmg 160 5 iX1o5 

Mahgnancies (cancer) 396,720 13x10' 

Natural Em& 

Tornadoes 118' 3 8x10' 
Hurncanes 9od 2 9x10 

a Complled from Transma documents, EPA 5201 1-90-015 
Based on total U S populabon 
' 1953-75 average 

1901-71 average 

UNDERSTANDING EXPONENTS 

1 ln lO,OOO,Ooo 
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The carcinogenic nsk posed by exposure to a rahonuchde depends upon three factors dosage 
(estmated mtake), the carcmogemc potency of the chemcal (Potency Factor), and the exposure 

duranon 
a 

The carcmogemc potency of a substance depends, m part, upon its route of entry mto the body 

(e g , mgestton, mhalatton, or dermal) Therefm, cancer slope factors (CSFs) are classified 

accodng to the route of adrrrrmstrahon that is apphcable to the expenmental or epidemologcal 

data from whch they were denved. The EPA and other orgmzahons have developed potency 

factors for the mgesnon and/or mhalanon routes for some carcmogens 

The length of exposure to a ra&onuchde must also be taken mto account m the calculanon of 

carcmogemc nsk smce carcmogemc potency factors are based on long-term, lowdose exposure 

and carcmogemc nsk is assumed to be propomonal to dose 

Absolute nsk takes into account the added nsk from exposure and background nsk, exposure- 

specfic absolute nsk (AR) (such as that from plutomum in sod) can thus be defmed as 

AR (cancer death) = Background Risk + Risk from Exposure to Plutonium 

Based on the conservanve assumpttons presented m the genenc nsk assessment, the added nsk 

from reSidemd home construchon m an area of plutomum contarmnahon would mult m an 
mcrease of 2 2x10’ nsk for a plutomum concentrabon of 1 pCdg and would mult rn an mmase 

of 2 2 ~ 1 0 ~  nsk for a concentraoon of 10 pWg, and an mcrease of 22x10’ nsk for a 

ConcentraQon of 100 Pcdg 

Theorehcal Calculated Genenc bsk  Assessment for Pu-239* 

Average Sod Concentranon I Indnndual R s k  (L~etme Probabfity) 

*Consexvatwe residenhal exposure scenano (future use) 
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Figure C-1 is a genenc "nsk curve" for plutomum-239 in sods covenng the range of 1 to 100 

pCdg The hypothehcal future use residenhal exposure scenano is dustrated along wth a 
hypothehcal recreahond use scenano c 
To put h s  nsk m perspecave, we wdl use the natural cancer momhty rate stated by EPA m 
Table C 1 of 13 percent (about one m eight) An mdmdud's absolute nsk of dymg from cancer 

after 70 years from a 30-year exposure to plutomum m sods m a 70-year hfehme would mcrease 

from 0 13 to 0 13oooO3 at 1 pcVg and 0 130003 for 10 pCdg based on genenc nsk assessment 

assumphons Table C 2  h t s  the overall maease m absolute nsk resulMg from long-term 

exposure to plutomum 111 a residenaal semg 

e 
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TABLE C.2 

1 Pcua 
10 Pcvg 

OVERALL INCREASE IN ABSOLUTE RISK 
FROM EXPOSURE TO PLUTONIUM IN SOILS 

2 2x10’ 13x10’ 0 1300002 0 oooO15 percent 

2 2x10b 13x10‘ 0 130002 0 o0015 percent 

2 2x10b 13x10’ 0 13002 0 0015 percent 

11 Plutonium Concentrabon in Soil I Added Risk I Back~round I Absolute Risk I Increased Risk from Plutonium 11 
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2.0 GENERIC RISK CHARACTERIZATION 

The EPA has requested that a genenc nsk charactenzahon be developed to assist the reader m e 
placmg the potenhal nsk from plutomum m sods m perSpeChVe Two EPA documents were 
pnncipally uahzed to o b m  general emssion, transport, and human uptake values The two 

documents were the "Transmc Elements," EPA 520/1-90-015 and 016, June 1990, U S EPA 

Au and Rdahon Programs P A ,  1990b), and the "Exposure Factors Handbook," EPA/600/8- 
89/043, May 1989, U S EPA Oflice of Health and Enwonmental Assessment These values 

were then used to perform cdculahons based on the formulas found m Chapter 10 of the Rzsk 
Assessment Guidance (RAG) for Superfund Human Health Evaluahon Manual, Part A, Intenm 
Fmal, U S EPA mice  of Emergency and Remedral Response, September 1989 In addmOn, the 

Health Effects Summary Table (HEAST) was uahzed to calculate pathway-speclfic nsk Detaded 
calculahons and idenhfkahon of al l  exposure factors for the genenc nsk assessment can be found 

m Attachment 1 The dlspersion and modelmg used m the genenc nsk assessment is taken from 

Cowherd (1984) for the PM,, emssion rate eshmahon, and Turner (1970) for the atmosphenc 

dlspersion eShmahOn 

For eShmahOn of PM,, emssions fiom vehcle traffic over unpaved surfaces, the followmg 

equahOn has been used 111 h s  assessment 

where. E,, = PM,, emssion factor, i e ,  the quanhty of PM,, emssions from an unpaved 
road per vehcle-lalometer of travel (kg/VKT) 

s = sdt content of road surface matenal (percent) 
S = meanvehclespeed(km/hr) 
W = mean vehcle weight (Mg) 
w = meannumberofwheels 
p = number of days wth at least 0 25 mm (0 01 m ) of pR!cipitahOn per year 

The atmosphenc dlspersion eshmahon uses the followmg standard assumphons 

The plume spread has a Gaussmn dlsmbuhon m both the honzontal and verhcal 
planes 
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I Uniform ermssion rate occurs 

For h s  ground level source wlth no effecave plume nse the followmg equaaon has been used 
,. 

m h s  assessment 

where X = downwmddutance 
x = mean concentraaon 
6, p = standard demaon of plume concentraaon m the veracal and hcmzontal 

planes 
P = mean wdspeed affecting plume 

Plant and vegetable uptake coefficients used were those cited by Burley @PA, 199Ob), smce 
these values represent consemaave assumptions, and may rn fact overesumate the nsk from plant 

and food crop mgeshon As stated prewously (Secaon 4 6 2), although amencium is potentially 

more moblle m the enwonment, and more readlly bioconcentrated, it is not mcluded rn h s  

genenc nsk assessment due to the mherent uncemnty of the actual concentranons at MSS 199 0 
2 1 EXPOSURE PATHWAYS 

The genenc nsk assessment uses human uptake values pubhshed m prewously cited EPA 

documents 

The followmg exposure pathways have been remned in the genenc nsk assessment because of 
thev potenaal to be avadable to human receptors based on the future land use condlaon of 
residenbal home setang 

Inhdahon of plutomumcontarmnated dust 
hgeshon of pluto~um m sod 
hgeshon of leafy huts and vegetables grown m an on-site garden 
hgeshon of root and tuber vegetables grown m an on-site garden 
hgesaon of home-msed beef (muscle) 
Ingesaon of home-msed beef (hver) 
Ingesaon of rmllr from home-msed cows 

c-8 051791 



2 2 EXPOSURE PATHWAY ASSUMPTIONS 

In calculaung nsks to the general pubhc in this report, the esumates of exposure are performed 

considenng an appropnate mdwdual that is presumed to r e m  at the pomt of speclfic potenual 

exposure (1 pWg, 10 pWg, 100 pCJg) at all times for a 30-year duraaon -- 24 hours per day, 

365 days per year -- and makes ordrnary use of the contammated m e h  For example, h s  

hypotheacal mdwdual could breath only au at the specdied contamtnauon level on-site boundary 

or eat vegetables from the= garden whch is assumed to be planted at the speclfied exposure to 

contarmnants Thus, the estmate of exposure or nsk to the general pubhc approxlmates the 

reasonable m m u m  exposure scenano (RME) idenflied by EPA pdance 

Intakes of plutomum have been esumated on the basis of the RME scenanos for both current 

(1 e ,  recreaaonal) and future (1 e ,  residenual) land use conhuons The RME is defmed by the 

EPA (1989) as "the hghest exposure that is reasonably expected to occur at the site This 

concept is also set forth m EPA's preamble to the adopuon of the Nahonal Contmgency Plan 

In the preamble, the EPA explams that the concept of RME is designed to mclude all exposures 

that can be reasonably expected to occur, it does not focus on worst-c8se exposure assumpuons 

only potenad exposures that are uely to occur are to be mcluded m the assessment of 

exposures The EPA further cauuons agamst the use of unreahst~c exposure scenanos and 

assumphons The RME is the product of factors that are an appropnate rmxture of values that 

are conservauve in that they tend to overesmate nsk, but they are wthm a reahsnc range of 
potenaal exposure The selecaon of parameter values is based on a mtxture of values 

charactensac of either average mdmduals or wthm a 95 percenhle dsmbuhon for the pubhc 

to deterne a reasonable overall assessment of potenual exposures to m&vlduals 

@ 

Parameters that were common for al l  scenanos were used m the calculauon of nsk as follows 

1 Future land use Scenano of residenual home semng 

2 On-site concentraaon of plutonium m transport medla does not mcrease nor decrease 
over tune 

3 An on-site au mtake of 20 cubic meters per day for a 70 Kg adult received over a 
30-year durauon 
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4 An average sod mtake rate of 0 12 grams per day for a 70 Kg adult received over 
a 30-year durahon (b represents a combmed 200 mg/day sod mgesaon rate for 
years 0-6 and a 1 0 0  muday soil mgesaon rate for years 7-30) 

5 A plutomum m sod bioavrulabdity of 100 percent based on the sod lngeShOn and 
foodstuff pathway 

6 A cancer slope factor of 3 lE-ll/pCi mgested, and a slope factor of 4 1E-08/pC1 
lnhaled These are taken fkom the EPA HEAST values that conespond to the GI 
absorphon factors for plutomum on& 

Table C 3 detatls the mbwdual pathway nsks and relaave contnbuaons for the possible current 

use recreaaonal semng and the hypothetical f u m  use reSidenhd setang 

2 3 GENERIC RISK CHARACTERIZATION FOR CONDITIONS BEFORE, DURING AND 
AFI'ER REMEDY 

Court-mandated mstltuhonal controls have been set as b h n g  condmons for remedd acaon to 

occur at IHSS 199 Exceedmg the parameters of wmd speed, sod moisture, and iurborne 

plutomum concenmaons would rtqum a shut-down of the remedd acaon The followmg 

assumphons have been made 111 the C d C u h h O n  of nsk to workers and the pubhc 

Tdhng and dwmg d occur for a six-week penod 

No reducaon m plutomum transport concenmhons wdl be taken as a result of 
mstltuaonal controls 

The maxlfnum allowable aubome plutomum value wdl be used for both worker and 
public exposure 

The pubhc d be exposed 12 hours per day 5 days per week to 002 pWm3 of 
plutomumn9 m an and have a dady mtake of 500 mg of sod d a g  the remedy 
pen& 

No mgeshon of plutomum contammated foodstuffs wdl occur 

Table C 4 presents the hypothehcal nsk charactenzahon based on conservahve current and future 

use scenarios Table C 5 presents the hypothetlcal nsk assessment based on the genenc exposure 

condmons and nsk eSamahOn curve &scussed above The "Before Remedy" assessment assumes 

a steady-state plutonium239 sod concentrahon of 7 7 pCdg D a g  remedy esamates are based 
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TABLE C 3  

MAJOR ASSUMPTIONS USED IN THE GENERIC 
RISK ASSESSMENT FOR PLUTONIUM IN SOILS 

Current Use (Recreational 
settina) 

Exposure Pathway I Variable 

Inhalabon Suspended Parbculate Exp Durabon 40 years 

Soil Ingesbon Exp Duratnn 40 years 

Exp Frequency 56 daylyear 

Exp Frequency 56 daylyear 

u Future Use (Residential Setting) 

Exposure Pathway I Variable I R M E ~  

Soil Ingestnn Exp' Durabon 30 years 

Inhalabon Suspended Pmarlate Exp Duratron 30 years 
Exp Fracbon 046" 

Exp Duratron 30 years I Intake 1 33 grlday 
Ingesbon Leafy Fruits & Vegetables 

Exp Durabon 30 years I Intake I 89 grlday 
lngesbon Root & Tuber Fruits & Vegetables 

Ingesbon Home-Raised Beef (Muscle) Exp Duratnn 30 years 
Intake 1 18 grlday 

Ingesbon Home-Raised Beef (Liver) Exp Duramn 30 years 
Intake 6 grlday 

Exp Duration 30 years I Intake I 305 grlday 
Ingesbon Milk from Home-Rased Cows 

* u(P - exposure 
RME - Reasonable Maximum Exposure 
Based on long-term mnd patterns near Rocky flats Plant 
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I TABLE C.4 

RISK CHARACTERIZATION FOR CONSERVATIVE SCENARIOS a 

C ~ m a u e  Future EJge (Rddential) Scenado 

Hypothetical 239 Pu Soil Concentrations Percent 

Contribution Pathway 

Ingestlon of sod I 4 1E-OS I 4 1E-07 I 4 1E-06 I 187 

Inhalatlon of dust I 3 OE-08 I 3 OE-07 I 3 OE-06 I 13 8 

Ingestlon of Leafy Vegetable 1 1E-07 1 1E-06 1 1E-05 51 9 

hgeshon of Tuber 3 3E-08 3 3E-07 3 3E-06 15 3 

Ingestlon of Muscle 4 OE-10 4 OE-09 4 OE-OS 0 2  

Ingestlon of Liver 4 1E-10 4 1E-09 4.1E-08 0 2  

Ingestlon of Mdk 3 3E-12 3 3E-11 3 3E-10 0 0  

Total Risk 2 2E-07 2 2E-06 2 2E-05 100 
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on the conservahve exposure aSSWphOnS presented above After remedy eshmates of nsk 

assume a steady-state plutomuma9 sod concentrahon of 0 9 pWg which is the court mandated 
remedy achon level 

Revlew of Table C 5  suggests that the added hfehme excess cancer nsk for a l l  potenhally 

exposed members of the pubhc dunng any phase of the remedy program would be 111 the range 

of 2x10' to 6x10 These genenc estunates of Metune excess cancer nsk am all below the U S. 
EPA's target nsk range of 1x10'' to 1 ~ 1 0 ~  The effect of remedy achons can be observed by 
contrashng the before remedy recreahonal use nsk esamate of 5 4x10'7 wth the after remedy 
eshmate of 6 . 3 ~ 1 0 ~  The reduchon m nsk from remedy efforts is p r o p o n d  to the reduchon 

111 plutonium concentrahons m sod from 7 7 pCJg to 0 9 pCdg 

2 4  SUMMARY 
The nsk values calculated for a l l  of the vanous scenanos and exposure pathways mddxate that 

no unrmnent threat to the pubhc is produced from ~ l u t o m u m ~ ~  concenuahons of 1 pCJg, 

10 pCJg, ox- loo pCJg 
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TABLE C 5 

HYPOTHETICAL RISK ASSESSMENTS 
DERIVED FROM THE GENERIC RISK ASSESSMENT' 

[Exposure Scenano I BeforeRemedy I Dunng Remedy I After Remedy 11 
5 4x1(r7 I 7 4x108 

' The nsk esumates presented m th~s table are hypothetlcal and are based on the genenc curve 
presented m Figure C-1 m conjuncaon wth esamates of sod concentraaon that have been 
judged to be unacceptable for per fomg a Basehe fisk Assessment See AppenQx A for 
a Qscussion of the h t a a o n s  on al l  data presented in this report 

Based on a Pu-239 sod concentration of 7 7 pCdg 7 7 pCdg is the highest sod plutomum 
concentranon m the off-site areas reported 111 Table 4 2 The hgher concentraaons reported 
m Table 4 2 represent RFP on-site samphg pomts 

Pubhc receptor exposure at the edge of the remedy acreage is based on sod plutomum 
concentraQon of 10 pCdg for a &week penod (the actual remedy actlon penod), 12 hours per 
day, 5 days per week wth a 500 mgday sod mgesaon and 0 02 pCdm3 lnhalaaon exposure a 
Based on a Pu-239 sod concentraaon of 0 9  pCdg 0 9  pCdg is the sod plutonium 
remedlanon objective It is the hghest pemssible residual concentration It is llkely that 
many m o n s  of the remahated will have plutomum concentraaons less than 0 1 pCdg 

NA - based on condlnons at the site, these exposure condttlons Qd not exlst dunng the remedy 
phase specified. 
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APPENDIX D 
IHSS 199 DATA SOURCES 

Document 

D- 1 

D-2 

D-3 

D-4 

D-5 

D-6 

Data Source I Nature of Data 

United States Atomic Energy 
Comrmssion, "Plutonium in Soil 
Around the Rocky Flats Plant," by 
P W Krey and E P Hardy, Health 
and Safety Laboratory USAEC, 
New York, NY, HASL-235, 1 
August 1970 
Dow Chemcal, "Committee 
Evaluation of Plutomum Levels in 
Soil Within and Surroundmg 
USAEC Installation at Rocky Flats, 
Colorado," by J R Seed et a1 , 
RFP-INV-10, 9 July 1971 

Plutonium concentrations in soil 
samples collected in early 1970 
from 33 sites extending as far as 
40 rmles from the Rocky Flats 
Plant 

Plutonium concentrations in soil 
samples collected in 1969 and 
1970 from 135 locations within 
and around the Rocky Flats Plant 

Dow Chemical, "Soil Sampling 
East of Indrana Avenue," by R W 
Loser and R L Tibbals, Product 
and Health Physics Research 
Service Report No 317-72-186, 29 
November 1972 
Rockwell Internahonal, "Results of 
Special Soil Samples Collected 
Adjacent to the Rocky Flats Plant 
Site," by C T Illsley, 
Environmental Analysis and 
Control, ES-376-77-201, 7 
September 1977 (reased 30 
November 1979) 

Plutonium concentrations m soil 
samples collected on November 
17, 1972 from 20 sites witfun and 
around the IHSS 199 lawsuit 
acreage 

Selected ra&onuclide 
concentrations (includmg 
plutomum and amenciurn) in soil 
samples collected in August, 1976 
from 25 sites within the IHSS 199 
law suit acreage 

Colorado Department of Health, 
"Radloactwe Soil Contarmnahon 
(Cesium-137 and Plutonium) in the 
h m n m e n t  Near the Rocky Flats 
Muclear Weapons Plant," 
September 1977 

Plutonium and cesium- 137 
concentrauons in soil samples 
collected in 1977 from sites within 
the IHSS 199 lawsuit acreage 

Rockwell Internauonal, 
"Companson of A n  Sampler 
Stauons," mternal letter from M W 
Hume, Statistics Laboratory, to 
C T Illsley, 22 November 1978 

Plutonium concentrations in 
ambient a u  samples collected 
between November 1976 and 
August 1978 from special a n  
monitonng stauons on and near 
the IHSS 199 lawsuit acreage 
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Document 

D-7 

D-8 

D-9 

D-10 

D-11 

APPENDIX D 
IHSS 199 DATA SOURCES 

(conanued) 

Data Source 

Rockwell Internaaonal, "Plutomum 
Concentrations in Soil on Lands 
Adjacent to the Rocky Flats Plant," 
by C T Illsley and M W Hume, 
Energy Systems Group, LPR-1, 16 
March 1979 
Rockwell Internaaonal, "Disclosure 
to the City of Broomfield," 22 
January 1985 

Rockwell Internaaonal, "Soil 
Sample Collection and Analysis for 
Plutonium on Lands Adjacent to 
Great Western Reservov for the 
City of Broomfield," by C T. 
Illsley, EAC-47-85- 1, 10 Apnl 
1985 
Rockwell Internaaonal, "Rem&al 
Acaon Program on Jefferson 
County Open Space Land in 
Secaon 7, "2s. R69W, South of 
Great Western Reservoir," by C T 

1987 
Illsky, EAC-420-87-1, 15 Januar~ 

Rockwell Internaaonal, "Remdal 
Acaon Program on Jefferson 
County Open Space Land Status 
Report for Penod January 15, 1987 
to October 15, 1987," EAC-420-87- 
3, 15 October 1987 

Nature of Data 

Plutonium concentrations in soil 
samples collected in 1976 and 
1977 from sites within the MSS 
199 lawsuit acreage 

Page 9 Average plutonium 
concentrauons in soils on City of 
Broomfield remedy acreage 
Page 15A Average annual 
plutonium concentrauons in a= 
and soil within and around the 
MSS 199 lawsuit acreage 
Plutonium concentrations in 15 
composite soil samples collected 
in 1985 from ten-acre plots within 
the City of Broomfield remedy 
acreage 

Summary of remedy acnons 
through 1986 on Jefferson County 
remedy acreage, includmg 
plutonium concentrauons in 
composite soil samples collected 
in 1977 and 1985 from ten-acre 
plots within the remedy acreage, 
and average soil plutonium 
concentrauons on eleven stnps of 
land after tilling in June and July 
1986 
Summary of remedy acnons for 
report penod on Jefferson County 
remedy acreage, includmg average 
soil plutonium concentrations on 
four stnps of land after tilling in 
July 1987 
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Document 

D-12 

D-13 

D-14 

D-15 

D-16 

D- 17 

D-18 

APPENDIX D 
IHSS 199 DATA SOURCES 

(contmued) 

Data Source 

Rockwell Intematlonal, "Remecfial 
Achon Air Sampling Results - 
1987," data table only, not dated 
(approximate date early 1988) 

Rockwell Intematlonal, "Status of 
RemeQal Achon on Jefferson 
County Lands East of InQana 
Street, November, 1987 to 
November, 1988" 

Rockwell Internatlonal, "Status of 
Remedud Actlon Program on 
Jefferson County Open Space 
Land, January 1989 to August 
1989" 
EG&G Rocky Flats, Inc , 
"Jefferson County Remecfial Achon 
Lands 1989 Remehation Status 
and Achons for 1990" 
EG&G Rocky Flats, Inc , 
"Jefferson County RemeQal Acaon 
Lands Annual Report - January, 
199 1 ,I1 90-RF-7449 
Rockwell Intematlonal, 
"Rachoactlve Ambient An 
Momtomg Data," data table with 
m h e d  an sampler locatlon maps, 
not dated (approximate date early 
1989) 
Colorado Department of Health 
Racfiation Dinsion, "Rocky Flats 
Surface Sod Survey 1970-1989," 
February, 1990 

Nature of Data 

Plutonium concentrations in 
ambient an samples collected 
downwind of Jefferson County 
remedy acreage dung court- 
ordered olling in 1987 
Summary of remedy actlons for 
report penod on Jefferson County 
remedy acreage, includmg average 
soil plutonium concentrations on a 
stnp of land retilled in July 1987 
after earlier tllling failed to reduce 
plutonium to court-ordered amon 
level 
Summary of all remedy achons 
taken through August 1989 on 
Jefferson County remedy acreage 
(contains no newly generated soil 
plutonium concentratlon data) 
Summary of 1989 remedy actions 
taken on Jefferson County remedy 
acreage (contains no soil 
plutonium concentratlon data) 
Summary of 1990 status of 
Jefferson County remedy acreage 
(contins no soil plutonium 
concentratlon data) 
Average annual plutonium 
concentratlons in ambient an 
samples collected near Jefferson 
County remedy acreage d u n g  
court-ordered remedial activitles 
between 1985-1988 
Summary of CDH Rocky Flats 
Plant monitonng program results 
for plutonium in  soil between 
1 970- 1 989 
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APPENDIX D 
IHSS 199 DATA SOURCES 

(conhnued) 

The following documents are published penodically and are available from a number of 
pubhc information repositones Copies of the individual documents are not included in 
this appenhx 

"Rocky Flats Plant Site Environmental 
Report" (published annually since 1971 
by EG&G Rocky Flats, Inc and their 
predecessors, known pnor to 1988 as 
"Annual Envnonmental Monitonng 
Report") 

~~ 

"Rocky Flats Plant Monthly 
Environmental Momtonng Report" 
(published monthly since the late 1960s 
by EG&G Rocky Flats, Inc and their 
predecessors) 

"Environmental Surveillance Report on 
the U S Department of  Energy's Rocky 
Flats Plant" (published monthly since 
1970 by the Colorado Department of 
Health and presented at monthly 
informahon exchange meetmgs) 

Summanes of all envnonmental 
investigations and monitonng conducted 
on and around the RFP dunng the 
current year (summarizes data included 
in monthly envnonmental monitonng 
reports--see comment below) 

~ - ~~ 

Summanes of an quality monitonng data 
collected on and around the RFP dunng 
the current month 

Summanes of an quality monitonng data 
collected on and around the RFP dunng 
the current month 
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BASL So~l Sampling S i t e a  ia tho Rocky ?lata Area 

mplicat. Soil Samplhg in th. Rocky ?law Atma 

Analytical 1 L a u l k t  Rocky ?lata Soils 

m T  O? PI- 

Avarago Wind ma8 a t  Mcky ?lata P l a n t ,  19S3 - 1970 

Avoxage EfoUrLy winds DtlrFng ?iZ8 O f  M.y If, 1969 

Avorage Hourly W i r d .  During Fir8 WNch bmgan on 
S0ptranb.r 11, 1957 

PlutPrrr\nn-239 Con+oura around Rocky ?lata 
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-Y OF F f M ) I E  S 

Soal samples were coll8ct .d to  a depth of  20 a n  a t  33 rites  

extending a8 far 8s 40 mile0 from the Dow Chuucal Co. 's  Rocky P l 8 t 8  

plant an Colorado. 

2000 m C i h 2  wwo found off the plant site but  these high concentra- 

1 

Deposition concentrations o f  PU-239 as high a8 

tions decreased rapidly w i t h  dirtmce. The contammation pattern 

txturds 88sfwrd from the plant i n  the direction of the resultant 

8xnd vector aad ha8 virtually no watward component. 

L n c o z n p a m w i t h  the wind dtrection on tho day o f  tho m y  11, 1969 

'are. Leaking b8rrelr of plutonium l8d.n cutting o i l  storod i n  tho 

~outhe88t cornor of tho plaat are  con8idor.d the likely source of 

he conclmlnant 

The p t t e r n  as 

* 

* 

Throa mCim2 of Pu-239 i r  tha lowm8t contour roadily di .c .raibla 

n the con+Imn8tfon pattorn and -8 8bout 8 milo8 e88t 8ad rotttb- 

a r t  o f  the plant.  The invantory of Rocky Plats Pu-239 -thin tho 

rnCi/km2 contourr but excluding AEC controlled land rs 2.6 Ci. Tho ox- 

ent of the Rocky Plat8 Pu-239 beyond this coatour fs  difficult  to do- 

ermme bec8uso tba deposition o f  Pu-239 fran nucle8r weapon art8 

r l lout  1s not precrsely known i n  th. D-er a r m .  

t the crmwl8t&ve fal lout  Pu-239 i 8  1.5  mCi/knr2 b8s.d upon a 196s 

Our boat estaamt. 

- 1 -  
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roil sample from nearby Derby, Colorado. The most d i s t a n t  satas 

a t  40 rules +O the a8rt  and north of the plant show a slrghtly bgher 

value o f  2.0 m c i h 2 .  

If the oxtram and unlikely assumption aa 1p.d. that thq entire a.eea 

lying 40 milea to tho ..at and north o f  the p l a t  is contmunatad 

w i t h  1 

have b8.n released to these rantote areas. 

Rocky Flats roil. and other rtudiea are in process which might re- 

rolvm thrr uncertainty m the rreote are8a8 but additaonal sampling 

* 
me intanturrng sitma average 2.4 mci/km2. 

an addition81 3.2 ci o f  ROCICY Flats plutonium could 

Sr-90 analyses o f  the 

may be required to thoroughly aolve tha problem. 

T?l8 PlUtOnilrrn h.8 b a a  8- -8 down th. rOil 8. f8r 

as U an, although the distrfbueon show uido variability app.rently 

dep.nding upon Soil chanistry. 

60% of the total plutonium bdow 5 QP. 

ahquotang the sample and an8ly.fr m a  shuun to be 270%. 

duplacata samples taka froan fh. 

rion indrcatinq that tb. r o i l  rampling was rrpr~rontafrvo o f  tho arm 

Sfudrad I 

In savexal caaen there is as IUU& am 

Th. analytical precision o f  

kulyrer o f  

location rhowmd samilar pracf- 

- 2 -  

. 
c 



J N T R O D U C T I O N  

On May 11, 1969 a serious fare broke out a t  the Atomtc Energy 

(1) .  Conmussion ' s plutonium processing plant a t  Rocky Fla  tr , Colorado 

Strmulated by the poasrble release of plutoniwn to the environment 

b y  thas fire,  Dr. Martell danonrt ra td  the presence o f  Rocky F l i t s  

plutonium i n  sorl arouad the plant ( 2 ) .  

I 

On further mnvestigataon r t  

appeared that  there were three othar plausable sources f o r  tbr o f f -  

sate pLutonium, i .e .  : 

1. the September 11, 1957 fire;  

Bec8use o f  our e%por+i8e ur soil  88mplhg for radionuclides and 

of thas uutaal study wmre t o r  

confim and b-dly qmntify the level8 o f  Rocky 
P18t8 plutonium in th. roil: 

if porsible, det8nnin. th. q~8aUty O f  ROC- F 1 . a  
plutonium m the sorl off-.ate; that i s ,  o f f  ASC pr0p.m. 

- 3  - 
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eowtataonal Survtv 

To arsrrt US m dastgn~ng a srmplzng program, we requostd 

D r .  I .  Van dor Eovon, -of, BSL, ESSA, Wasbngton, D . C .  to mako a 

m8teorologacal -tion Of the Rocky F l a k  arm. 

C .  R .  D i c k s o n  and G. E. Start summyad tho area during th. tJ.ek of 

In rasponre 

Jaauary 268 1970, and m thotr Inomorandun to th8 f i l e s  (3)  -de the 

f o l l m n g  obsorvataons and r8commmdataon8: 

1.  mro Lf not mest o f  the Rocky Flats plutonium an tho 

soil  around th. plant was contrrbutod by tha 1957 f i r e  and th8 

lodeage from tho contamanatad dnrtnu. 

2 .  drrmpu wore p l a c d  in outrid8 storage from 19S8 

L a t i 1  1968. I n i t i a l  Leakage was d.t.ctmd in 1964. Thr clung. 

in  tha distribution of this contamumtion on tho plant prop.tty 

durmg a poria  of on. p a x  suggestad that  a gradual southoartward 

movcaent may havr M e n  placo. 

3 .  Th. wind roso averagod mor a 17-par i n k m a 1  a t  tha 

Rocky Flata plant i a  given UI Piguro 1 .  

2% of th. t inmt  ever sw o f  th. winds have a wstmrly ccmpbnent. 
Th. seongost gu8ta and tha directions o f  the m a t  fr.quont strong 

gusts ( 8 p . d ~  groatrr than 40 mph) are from tha wst. The rosul- 

tant wand vector (dorrved ftom tho a n d  rose fr.qu.nci8s and mom 

speeds) pouts  almost exactly aasfwrrd- 

West winds occur rkaost 

- 4 -  
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AVERAGE WlNO ROSE AT ROCXY FLATS PLANT 
1953-1970 

ARROWS POINT TOWARD THE DlRECTlON THE WIND IS 
BLOWINO; NUMBERS AT END OF ARROWS REPRCSEMST 
VELOCITY IN YW. L f N O t H  O f  ARROWS AND CONCLNTRIC 
C1I)CUI RLFUCT FREQUENCY O f  WIND DIRECTION.. 

/- 
0 

0 \ - I  
I / - \ -- 
I 
I 
I 
I 
I 
I 

\ 

CAlY 2% 
VARIABLE 5% 

I 
S 
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The Dmver wind mas8 shows that routhorly to  southwr+.rly 

Air flowrng 88atward from ROW Flats wind. are most froquent 

should mrrya wtth tho southorly azr flow a ~ r 0 a 8  Donoor and be car- 

r i d  north-north 8aitward. The South P l 8 t t .  River V8lley, about 20 

miles e 8 a t  o f  Rocky Flats ,  LS tho logical terrain feature along which 

this transation frat  we8t.rly flow should approach corppletron. 

The Wind direction on 5/11/69, th8 d8y o f  the la8t serfous fir:., 

was nromtly from th. north - northoart a t  sp.od8 from 2 - 10 rrpph. 

Piguro 2 gives maan hourly winds during t h a t  f i re .  

during th. 9/11/57 fire a r e  shown m Pig. 3(4 )  

The wind directions 

north 8nd 809th O f  tha plant m an e88terly directron. 

begin to flow through rrgnaficantly de8p gullres (several hundrod 

yard8 Widd 8s they flow by the 888torn laaut8 o f  the plaat .  Th. 

s o i l  in the gul l res  which w 8 8  mnd eroded from the f l a t s  rs finer and 

deepor, and rs mare l i k e l y  to become a trap f o r  windborne part tc l88  

o f  plutonium. 

There 9r8ek8 
L-. 

- 6 -  
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FIGURE 2 
AVERAGE HOURLY WINDS OWN@ FIRE: 

OF MAV I I ,  1969 
ARRWS POlNT TOWAR0 ME DlR€ctloN THE AMERA@€ 
CKWRLY WINOS W€R€ BWWINOTHL LfNoTH OF THE 
llsMows AND THE CONCENtfttC CIRCLES RIFCLECT TIE 
WINO V€WCcTY IN YPH. 
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SamDlrns S i t e  Lo ca tron 

The weak o f  Febntary 9 ,  1970 war r o t  a u d e  for  the collection 

o f  the rorl s u p l e a .  mod upon thm pro-oporational rurwyI amphaoar 

war given to . ita l O C 8 t i O n  in th. downwfnd direction from the plant. 

If the derulta o f  th is  linri+.d onr ~ . . k  rampling ravoalod roriouo 

defxcrenCLeS, tha intrnt W8 to-collmct additional mmplor lator to 

satrsfy the nrrd. 

aro grven i n  Table 1 8 a d  plotted in Figuro 4 .  

Th. rel.c+.d 08mplbg rima 8nd tboir doacription 

'\ 

- 9 -  
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Figure 4 

HASt SOIL SAMPLING SITES NEAR 
DOW CHEMICAL CO.,ROCKY FLATS PLANT 

I 
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template on top o f  the spot selected f o r  samplmg and cut out the 

sanple w i t h  chisels and scoops. The rocks were included w i t h  the 

sample. 

A t  map site No. 6 ,  w. took samples tf roil a t  varaous depth8 
I 

down to 2 0  an. 

one square foot template and chisel O u t  the samples as carefully as 

possible. 

wnt down m depth L t  was necmss8ry to taper toward the centor o f  tho 

930 on2 area to avoid contaminating wath roil from the upper levels. 

Consaqurntly wm could not got an 8ccrurtm .re8 me8surauent below 5 an. 

To convert from tha m8sur.d coac.ntra~Ons (dppL p u  g r d  to 8ctivity 

por u n i t  area w. 8ssum.d a soil h r i t y  o f  1.2 gram por m 3  d a ~ n  to 

15 a n  and 2.4 grm par d froa 15 to 18 QL. 

T h i 8  -8 a vary rocky arm8 00 that m had to  use the 

The f s s t  5 a n  were relatively easy to sample but as wo 

Thome density valuos - were obtafaod 8s 8vet.goS Of 8 COnSidU8bh body O f  d8- 8CCUmal8td  

a t  BASL o v w  8 15 y88t pori&. 

t k s  sit.,  wm r.IIDlt.d Lad ~ s c a d o d  th. rocks. 

As Y, 88mpl.d tho depth profile 8 t  

Ten of tho Rocky P l a t .  88mp2.m r.q\rir.d tho rawval o f  tho 

lazqer rocks. W. 8.0- that an f n O i g n i f i C 8 n t  mo\tnt of  plutoaipr 

muld be in tLu tack frrctfoa 8ad cona.qu.ntly b8.d t)ro c8lcul8tod 

a C t L V L t y  p.r Pnft 8x08 Oa t h  M g h t  O f  th. mil ft.C-On. To b. 



' 0  I 

aura this -8 propor, w a&ytad tho reparatad rock f rac t ion  o f  tho 

9011 containllmQ tha highott c o n c m t r r t i o a  of plutoniunr. We fowd 

only 0.2 posemu+ of tha foal plutoaitmr asaoczatad w i t h  th. r e p -  

raw rocks and thorofora noqlacted tha rock frac-on an the rlauia- 
r 

Urq ¶=#8S* 

SWflDl e Prewr at:, aq 

when the soil  samples u r i v d  a t  m L ,  they w r o  spread out on 

pIastzc shaats and allowed to air  dry for sevua l  days. During the 

e n g  proc.88, wa broke up so i l  aggr.q.t.8 and pul1.d aprrt  tha 

eOp 8oU plug8 conaiating o f  voget8tion aad root mat. 

vegetation so that it could be dfrfributad ~ a m o u a l y  throughout 

WI cut up tho 

th. 8=@.* OQhUr W 8-N. = & O W y  Ciry i t  -8 Wrigh.d Fn 

i t s  ontiraty. Than, whon ~ . c ~ s s ~ ] c Y ,  my rode8 w r o  ranovod and 

WOi9h.d ~0-mt.1~ 

Tho rampla -8 thur m s h d  and traaaforr.6 to a blander. Utu 

nuxrag, m rproad ttm ramplo out on a prece of  plastic, M Z I C ~  off 

--IS, mad tmk scoop fulls froor 08ch quarkr an a cons.cutivo 

auvler u n t i l  .boot a kilogram had bo- coll.c+.d. 

was than p u l v e ~ r d  an a totaiy hlmmri mill and traarfurod to a poly- 

ethylene bottle. 

# 

This rub-amrplo 

- 14 - 



One hundrad gram alrquota o f  the pulverized materLal were 

ahquoted a t  various tames for subnussion to  the analytacal labora- 

tory. Thas s o i l  sample preparataon procedure and .quapent used 

for crush;Lng, blending, and pulverizzng are descrabed elsewhere ( 5 ) .  

I 
I d  

Radiodhenucal Procedure 
I 

The radrochuucal procedure-for plutonium an soi l  was developed 

by Norton Chu a t  the Health and Safety Laboratory 

leachang a 100 gram aliquot o f  soi l  w i t h  hydrochloric and nitric  acids. 

It Lnvo1v.s 

We show below that this method effectively r.m~ves a l l  the plutonium. 

plutonium i a  &solatad by anion exchange Cnitra+. form) and electro- 

deposited on a platinum disc. Th. plutorrium .sotopes are resolved 

by alpha spectroumtry and yielded With Fu-236. 

d88Ct lb.d  an d e a i 1  elsewhere . 
T h i 8  procedure i s  

m s t  of  the uralys8s o f  tho rrrOcky ?la- soils were don. by 

contractor &&ra.torfesr T.i.dyn0 Isotopes o f  Palo Alto, California 

(designated here a8 IPA) and Tr8p.10 Division W8at of Rachnrond, 

calrfornia ,(TLW) 
. 

~ o m p l e k  dis.olu+ion of 8 sample for radiochanacal analysis is 

the classicU mad m o t  depatdablo method of anrlyria. m u ,  in 

the cas8 O f  8011, it f S  8180 mSt difficult,  k d i O U S ,  and +i# Coa- 

suxung. The HllsL leach method was dave1op.d to eliminat. the n o d  

- 1s - 



I 

la 
I 

I 
I , 

t 
I 

for caapleta d u s o l u t i o n  but fo provrda accurato, dmpmdable re- 

I 

, 

I 

I s u l t r .  To show that tho leach method f u l f r l l r d  rts objoctrvor, , 

m8nY simples -SO an8lYZ.d by both leaching and canplek drsrolutaon 
D 
I 

I and gave cmparablo rosulta.  
, 

Three daftorant  suaplos from Rocky P l a t s  war8 r o l o c k d  as rep- 

r.8.nting widely dafforont r o i l  typos. 

wrm analytod for Fu-239 by the leach and fusion mthods. 

mothod affords c a n p l o k  dirrolution of the ramplo by docompoaang rt in 

lpo1t.n sodium C8rbon.k. T-1. 2 gives thr r*.ults O f  those amlyS08 

and shews that  the aman p . r C a t  deviation b e m a  tha mthod8 -8 UX 

Duplicak alfquots o f  each 

Th. fusion 

W i t h  no ObVfOUS bf.80 

0-1: soils wore rirailarly 8rulyt.d and tho remalts ara also 

A socoad mothod o f  eamp10+. dfr8olution was roportod in Table 2 .  

us.6 for so01 O f  the88 S m p l m S ,  and is urdicakd 88 Lp disselutaon ur 

th8 table. 

d i g ~ t i o n  of tha -8 w i t h  hudrofluoric urd perchloric acrd8. 

m a n  porcont deviat ion b o w -  mothod. for th.ao roils ir 12% which 

is not rtatistic8lly dfffmrent fropr th. p8t-M in the Racky ?lit8 

roila. 

mrpfta ur accuratm aaoesanurt o f  tho plutonium c o n k n t  an manyr rf 

This t.chnfque affecta colaplot. dissolution by psolonqed 

Th. 

Tho80 d8ta CeaVinCfngly dunon8tr8ta t h 8 t  tho loach procdure 

b 

- 16 - 
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Table 2 

Rocky ?la- Soil8 

7 

6 

4 

mmna 

14 

6 

4 

W.Y.C. 6/b7 0-20 Q 

H.Y.C. 13119 0-2.5 a 

I.Y c. 12b9 0 4  CI 

3.Y.C. l2h9 s-20 Q 

1UCh 

rs' - 17 - 

am& 
s a  

3 .Om4 
3 .lW4 

18 -4 
16.3tb 
16 QtS 

0 46-4 
0 . e 4  

O . O l 6 h 4  
0.016%5 
0 . O m 4  

0 -2-10 
0 mtQlr5 
0 . W I  
0.2lrs 

0 . 0 9 w  
0 .-I 
0 . o w  
0 .oms 

0.004110 
0 .OOlkl~ 
0 .mhU 
o.ool*u 
0 .oollts 

0.001lr31 

0.00su4 

3 .z 

b .9 

20 
\ 

u.  

0 

11 
c 

3.3 

7 .l 

37. 



i t 

e 

-- I 

not all, roils and cartaanly an the s o i l s  encountered aa the Rocky 

Plam area. 

Tho devaataon8 be*- methods reportod m Table  2 include tho 

ezroz t a m  attendant to alrqunting and analytical precision. 

sample as rrot homagenrz.d, d8v~atronr betwren alrquots -11 ba b g h .  

BY mniauzing t h e  error due to analytacal preczsion, the data an 

Tablo(2) ruggosts that tho etmr due to alrquotang La ~ 1 3 %  or less. 

If the 

R E S U L T S  

T b  -0238 aad Pu-239 aaa1yr.m of a l l  tho Rocky Plats rampl8s 

plua additional rrfrreaco samples aro gavon Ln Tables A and B of the 

Awndix.  Compfok inform8tion rog8rbing th8 collection are., tho 

depth and vmrght of -ample or  fraction thoreof, tho analytical lab- 

oratory, and Pu-238/Pu-239 rataos are 81.0 reportad. Tho m C i h 2  O f  

Pu-239 and 

calculatmd 

r n t o g r a t d  

Fu-238 mt8grrt.d fran 0 - 20 an a t  arch map rata was 

from Tab10 A and as srmrruri2.d i n  Tabla 3 .long tdth tha 

Pu-238/Pu-239 ratio.  

I 

. 
Whon duplicrta analyror wIra ro- 

1 

portad, tho avosago o f  tho duplicatom -re usod in calculating tho 

map rat .  mlu8 unless othemmse spcaf iod sn Table A .  The daporr- 

taon contours darivod from Table 3 are plottod i n  Figure 5 .  

- 10 - 



Srnce a number of earlier reports gave their data only in, 

u n r t s  of dpa/g soil, these values are also shown i n  Table A .  

units are not a t  a l l  us8ful for our study, and are d i f f i cu l t  to com- 

pare without spec i fy ing  depth o f  ramplrng and sample pretreatment. 

These 

The 188ultn o f  tho depth profile studies are summrri2.d i n  

T a b l e  4 as percent of  the rntegrated ac t iv i ty  down to 20 a n  found i n  

each incrararntal depth sampled. 

N.w York C i t y  and W8yn88Vllh, Ohao are included for cumparison. 

Profile8 of  fallout plutOnxW8 in 

- 19 - 
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a .4 0 07 0 eOT9 

3 .a 0 .Q. 0.019 

4 .a e l 2  0 .a8  

4 1l 0 .a3 0 .011 

5 1s. 00% 0 .Qt4 

6 19SO - 37 7 0 019 

7 4.0 0 9  0 0x8 
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PWTONNM-23 9 CONTOURS AROUW 

Contour valuer in mCa per km2 
(light figures) 

Nunbered sampling s i t e s  
(bolder frgurcsf 

AEC property boundary - - 0 - 
Dow Rocky F l a t s  P l a n t  ------0- 

ROCKY FIATS 
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x of  
m239 

6.4ta 
mLuss !11 

6 ' 0-5 
s-9 
8-10 

10-u 
u-u 

8 

8 

12 

14 

26 

27 

29 

68 
24 
6 
1 

41 

0 4  66 
6-9 21 
9=20 u 
0-5 67 
s-20 33 

0-5 
$020 

91 
9 

0-5 61 
s-ao 39 

0-S 39 
s-20 61 

0-S 43 
$020 $3 

0-ln 92 
10-10 8 

0-5 
5-20 

0 4  
6-20 

66 

81 
19 

47 
53 

I 



HASL carries on an elaborate and extensive quality control 

program, both i n t c r n 8 l l y  and w % t h  i t s  contractors,  to assure tho 

v a l i d i t y  of r o p o r t d  analyses. 

from our fal lout p r ~ g r ’ a r ~ s ~  tho qu8laty contml  procoduroa 8nd rooula  

Sinco this particcrlar atudy d i f f u s  

- 23 - 



Table 5 

W 

a 

woodcliff m o r  I.J. 

( C o l l o c t d  k l o v  90 0 - 
ua March 1970) 

0 o0003 f l O o I  O .OOO2 f LOO% 

0.0001 * 100% 0.0001 t 100% 
0.0001 f 100% 0.0001 t 100% 

0.01% f 7% O.OOS4 2 14% 
0.0001 t 10- 0.0001 t 100% 

0.0046 f 7% 0.0001 f l o a  
0.0043 f 6% 0.0001 100% 

0.0071 f 9% 0.0009 t s3% 

0.04'68 f 5% 0.0001 f low 
0.005s t 25% 0.0002 * 100% 
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l 
small amount o f  Pu-239 penetrated to that depth or more reasonably 

the sample was slrghtly contaaunated durmg collection or subsequent 

prc-analyses treatment. Huwevar, an one O f  the r e p l x a t e  analyses 

of each o f  these samples, Trapdo appears to h v o  zntroducd from 

2 to 4 dpn of Pu-239 c o n t a m i n 8 ~ o n  (100 gram aliquot8 w r a  analyzed). 

~ h a o  cur'repras.nt a major porbon of  the total r c t i v i f y  found in 

ramplea tontoto from the Rocky P h t s  plant: althobgh tho d8t8 in 

Table 5 a180 suggest that  this contuunabon a t  Traplo as not con- 

srstent.  Exaaunat%on o f  Tablo 5 and Tables A and B m the Appendix 

urdicates a t 8  on b8l8nC.r coatamaaation by laboratory handling and 

analyse. warn n o t  ~asurabl0  or -0 relativoly unlimportaat to tho 

- 

OUtCQIII. O f  this 8-m 

- 25 - 



the results of several samples reported by TLW were s u s p c t ,  and 

dupl tca te  al+quots of there samples ware subsequently s m t t d  to 

IPA for  ver i f icataon.  Theso Sat8 o f  d u p l x a t a s  were mc1ud.d m 

the comprlation o f  Table 6 and reflect  a s h g h t  bras aga+nrt the 

random salectaon o f  duplic i te  sets. 

Tabla 6 mdicater that tha precrrion o f  Pu-239 analyrir both 

Anternal ly  and batwe8n IPA and EASL ranged up t o  228% and averaged 

below *2O%. The antema1 ptecisron a t  T L W  and th8 ptacirron botanm 

TLW and fh. other labotatori08 w.8 3 times higher. These uncar+lm- 

taes r e f l e c t  n o t  only tho precisLon o f  analysis  but a lso  th. reprosur- 

t rvrty  of alaquoting tho proparad sample. For . I ( U P P h r  Tabla 2 rug- 

gerts that aliquoting Rocky Plat8 mils gives an avorage wcert.inty 

of less than UI. &ch o f  tho resul t s  o f  the Rocky F l a t s  roil anal- 

yses were examinad UI tho light of eacpctd resul t s  b a r d  upon loca- 

tton and coarp8riron to neighboring Sample8. R8analyses ware pUfOr- 

mad when d a d  n.~essary~ and data wore acceptad depuadmg U p o n  

their reasonabloness and tho laboratory conducting the anaPfri8. 

Thorefore, the ovesall analytical pr.cis%on was about t201L. 8 

- ,  

Tha lwei of Pu-238 in many o f  tho samples was so low as to 

mcur large cauntiag urors. If either alrquot had a counting error 

- 26 - 
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? 

I 

I 

I I 

groater than 

rrdera tron 

~ 3 0 % ~  that  duplrcatc s e t  was omrtted from further con- 

Mat!! that lmita t ron ,  the mean percent deviation be- 

w o n  o l ~ q u o t s  f o r  -0238 analyses war very sirmrlar to th8 behavror 

of ou-139 

a l v t r c a l  Accuracy 

The accuracy of t h e  Pu-239 analyses as drffrcul t  to establrsh 

because of  the lack of a rtandard r o i l  sample. 

reference sampler wer8 analyzed m w b c h  the plutonium levels can be 

approximatmd from th8rr Sr-90 content. Table 7 rdenttfres there 

samples giving the St-90 mea8urements0 the exp.ct.d Pu-239 valuer 

bas& upon a Pu-239/Sr-90 r a t i o  o f  0.02 ( 'I ,  and th8 reported Pu-239 

mo88urauenu. The "red" and "blackm rorh  which -to colhctad UI 

19S8 a t  Raleigh. North Carolma and Mcllenry County, I l l m o i s ,  

roapectfvely, were prepred as reference roil samples and wore 

ana1yz.d many tunes for Sr-90 cantant .  

of the "red" and "black" rotlr by TLW r e f l a c t d  the laboratory 

contamination discus8c.d earlaer .  

aro .bout twic8 the expectad values but an agreomont w i t h  XASL'r 

e r t n t a O b f  the "black" roil usang th8 furron tre.tsm#¶t. 

u r d  -0u-239 an the Derby0 Colorado (1965) and New York Crty \1967) 

H~wever~ several 

The i n i t i a l  Pu-239 analyrea 

Tha re-analyses gave valuer whach 

Tha ma80 

- 28 - 
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was ranarkably conatant. 

o f  replfcatm analyses of r d m u c a l  samplas. 

rmpmaurtfvify O f  r o i l  r 8 m p l h j  i1 good and that tho uacut.inty of 

tho final data is duo largoly to tho ~ p r o c i r r o n  o f  Pliquotrng md 

aaalyris 

Tbia ptacirion a 1  not unl*o tho precfr~m 

wo conclud. mt th. 

- 
tion w i t h  do- 

S i g a f ~ i c m t  qu8neLti.s o f  m-239 arm below tha top 5 op of 

moil and vrgotation. 

the Ra-239 Crola tho 8urf8co to 20 0 ia dapth f r  below 5 

ding u p n  th. partfculu typo o f  roil. 

ra1npl.6 thrmo or ~ w r o  iacianats to 

-10 4 8'- that batman 9 and 61  parcoat o f  

d o p a -  

A t  map 8f-8 no.. 6 and 8 1 ~ .  

haw tha plumnium w.. d i a t r i -  

butad with dopth. Although .bout 901s WI. ill th. top 9 OD WT WIr. 

able to IO...=. PU-239 8. f8S down a. u QP. a rro\tld CO1ICfUd.r 

howw.rr that a t  thaar .it.. 1ur thrn 1% i 8  below this dopth. 

A t  fivo othar rims um r o p u a t d  the 0 - 5 o and 5 - 20 QD 

fraction. and found widely -tag porcurhger o f  tho total R1-239 

moa.ur.4, below 5 a. UndOubtadly tha b8so @%ch.ngo -*City and 

p r h p .  o a t  charactaristic~ o f  th. roil aro important factors i n  

dotormining tho uttont to uhich dopo8it.d plutOnia w i l l  p I O t S 8 k  

bolow thm surface. 

t 

Sitos Nos. 26 aad 27 wero %n city p8rh whare 
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1 W n g  

better 

and fmrtalizatioa 

d 8 f i n i t i O n  O f  tho 

m y  mhmc8 tho downward movaaent. 

plutonium d i r t t i h a o n  w i t h  depth a t  there 

Lacking 
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I 
' e  

.on+rmtnataon pattarn lmwang tho plant  s a te  (Figuro 5 )  

. e t a o n  o f  plutonrum a t  U a m  bolaw tho soil rurfacm would hrrthor 

.& t~ r u l m  out a significant contrrbution from this o w n t .  Tho 

hptanbor 11,  1957 f i r 0  can not bo Olfrain8kd on tho basis of W 

rinds a t  the tLar of that firm (figur. 3 )  

ut. of th. dioxide tram burning plutonium is estimated to be rub- 

BLcmn ( 2 )  * 

oat of thm contours in ?igur0 5 8ro not canptibh wfrh doyorition 

If sub-micron prrticlos. 

Tho do- 

m e r  tho particlo 

Tho sh8rp grrrdioat and rmlativoly short downwind ox- 

Thoro 8ro sovoral obsrr~rtion8 .bout tho plutonium distribu- 

jon  which link th. contamin8tion to tha loaking b8rrols.  

)ftr+lSaium ladm oil f r a  t b  corrodod burmls con-tod t& mil 

n and 8- t h  star- u88. A. th. o i l  roopod undorgrcmnd or  

Tb. 

t V 8 p r 8 t r d ,  

-8% t88U8pond.d tho COnt8R,ia8td .Oil C8Zmng A t  088wtb .  BO- 

wty wind. Mach OCNI pr.dolatn8ntly f m  th. 

8U.O tho officioncy for  rosusp.nding puticulatm d.cr..ms w i t h  

owor wand volocitios, th. rol8dvoly light 888torly wind8 would not 

Lmtribut. much cont8min8tion to tho wm8t o f  tho pl8nt sit . .  
8 

Tho barrml storago arm. was in 8 rogion on Rocky ?lats what. 

he ground W.8 mo8tly C O U ~ S O  rock and rand p8rtichs. If tho8u 

- 36 - 



partxles aze resuspended they would f a l l  back to the ground rathor 

quckly  The rapid decrease o f  the h g h  level contours east o f  the 

plant s i t .  supports thas vaow. Sunalarly the contaunabon did not 

concentrato an tho creak ravanas as do the f i a o  partzcler o f  s o i l  and 

alluvium 

It as inkrostang and p b a b l y  nuaaiagful that tho sumoys o f  

the barrel storago aroa on tho plant rite auggostod a .outh.askrly 

nugrabon of tho conta~nuaation. The contours o f f  tho plant sat0 m 

Ptgure 5 a180 show a strmg mouthorly component. 
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A B S T R A C T  

On August 19 1970 a coinniittee was dppointed by Lliivd M Joshel General Manager 
of the Rocky Flats Division of Dow Cheniical U S A to dssew the long term potential 
hazard of plutonium containinated soil under and around an asphalt pad a1 Rockv Flats 
The committee wds also to make recommendations tor disposition of the contaminated 
sod The ared covered by the asphalt pad hid been used as an outside storage area tor 
plutonium contaminated oil drums This report contains the essential information 
relating to the evaluation The  evaluation indicated h a t  there is no health hazard associ 
ated with the levels of plutonium ad  cont~mtndtion found in the vicinity of the asphalt 
pad The report reviews the pertinent published literdture and presents the results of 
research inrttatcd in support of the investigation 

I 

IV 
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COVV177CC I V A L U A T I O ~  O r  PLUTOIIUII LtVELS Ih SOIL hITHI\ \hl) 
SURR0UNI)ING US/\CC INSTtILL~\TION \T ROCK) FLATS COLOR \DO 

PART I  STATUS 

12 U S and other governments recommended lrmits for 
plutoniu m con t m i n i r i o n  Members 01 the committee assembled over 3 000 prgesof 

pertinent published literature Contacts were established 
with pcrsonncl throughout the A t C  complex having similar 
problcnis ~ n d  rcsponsibilitics (plutonium i n  soil) 

I 

14 Radidtion survey instruments whose sensitivity and 
discrimination allowed for detection of  plutonium 

,or stablludtlon 

In general the committee assembled and studied reports 
concerning surtdce cuntaminalion 

1 

 



I S  Kcports on world HI& id1 OUI : a  
 

Sqecit IC proerams were initiated to evaluate thc plutonium 
LontaminJtion data available lroni HASL and CCEl rcports 
as well as the soil analysis data being collected by the Rod,\ 
FIars Health Physics Department Action was initiated 11) 

core  wniple and analyze the soil Lovered by the aSphdl1 
pdd Action was also initiated to evaluate soil stabilization 
techniques Contacts were established with sonic of tlic 

Tltc wnimiitee dircctcd special aitention to contamination 
standards IhJt had been used in previous inudents 01 
plutonium contaminat~on in sod particularly the most 
recently proposed standards These standard --e used 
in assessing the potential consequences of the level of 
plutonium contamination origmating from the Rocky 
Fldts oil druni storage are4 

e 
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2 ASSESSMENT OF POTENTIAL HAZARD rc\uspcnsion d ~ i  I J n d  Jn JccetvJhle r i A  0 1  I 5 REM,\. 
I ~ I  rlic .idulr p u l i i i c m n  lumpti no&s U t h o u d i  spcLiilc 
s t m h r d s  l i J \ L  hccii rrcomincndLd iii tlic p ~ s t  divstcr  or 
cmcrgcnc\ \irudt io i i s  hJ\L not USA s p e d i c  guideliiics 
hut rJthcr 3 process 01 ~udi~ious dccision making 
hJs bcen tinplovcd The main guideline tor the judicious 
decisiori mdkinc has been to maintam an ‘actual dose 
JS nedr 7cro as pouible This lreedom ’ of interpretation 
however is shortly coming to d n  end I t  is this committee 
opinion that  thc IJSI ddta in the following table have been 
reasonably developed are realistic and have a high 
probabilitv of being adopted bv the USAEC for plutonium 
in soil The assessment of hazard and our recommended 
actions should be consistent with these interim recom 
mended standards I t  should be noted that the contour 
lines established usmg the HAS1 Report 235 data 
dnd the drta from the CCEl report 3s well as  the dd J 

A r u w n d b h  thorough reading 01 the IitcrJturc ~ v a i l a b l ~  
on biological ~ssunllation redistrihution deposition ~ r i d  
etfects does not reveal any health huard associated 
with the levels of  plutonium sod contamination found in 
the vicinitv of the asphalt pad There are unanswered 
questions relative to hi& LET radiation associated 
w t h  low level internal exposure This is an area of 
radiation research which is being actively pursued by 
Los Alamos Scientilic h b o r d t o r y  Battelle Northwest 
Lovelace Foundation Lawrence Radiation Laborrtory 
the University of Utah and the Universitv 01 Rochester 

The standards that have been used for plutonium soil 
contamination d i e  based on sets of assumptions including 

MAXMUM P E R M I S S I B L t  ALPHA CONTAMINATION 

CCi/m’ - 
0 1  

0 1  
i o  

0 I I  

0 1  
i o  

0 1  
i o  

0 1  

10  

0 02 

0 01s 
0 001 
0 006 

004 
0 4  

4 0  
40 0 

mCi/km2(a) d/m/prm(b)  

100 22 2 

Remarks Country 

United Kingdom (Dunner)  

United I(rngdom 

Wldesprerd ueas contaiminated w t h  plutonium 

IO0 22 2 
I O 0 0  221 

Inactive areas 
Active u e a s  

Workplaces after decontamination CzechoJovakia 

France 

I 1 0  14 4 

I O 0  22 2 
1000 221 

Equipment and workplaca in inactive areas 
Equipment and workplaces in acttve areas 

I O 0  22 2 
1000 222 

Labs restricted t o  using 100 u CI or leis 
Labs permitted to use more fhan 100 u Ct 

Poland 

a u t h  Africa I O 0  22 2 
IO00 211 

Body personal clothing inacztve armas 
Equipment and workplrcu inside controlled areas 

United Statea ICC 20  4 44 Internare Commerce Commuaion (Dept of lranaponmtion) 
pertains IO i n t m o r  of vehicles prevtoudy ured for trmrpor 
trtion of mrterulr 

U S S R  I S  
2 
6 

3 33 
0 444 
I 3 3  

Work clothing and r u r f a c a  before cleaning 
H r n 6  rnd work underciothlng bofore cleaning 
Work Surfacer ricer cleaning 

United S t r t d C )  40 
400 

8 8  
88 

Urban luburbrn racrrrtlon ueu 
Rural truck fummg annual food crops p a l i n g  land 
mllkrhed etc 
Rural deep root p e r m n U  (e g nuts, cartam fNit1)  
Remote or Controlled deun forest, fenced or limited 
a c c e n  ueaa. 

4000 888 
40000 8888 

“)units  u d  UI HASL report NO 13s 
@)lJnttc; used by Rocky Rata In raportlng moll mnJydr (In moa c . w  a rp.cifk q a v l t y  of one ( I )  w u  arrumed for convenion of units 
(C)Recommended at an International SYmpouum o n  Rad10108ic~ Protection of the Public in a Nuclear Ma% Disaster (June 1968) 

3 



o h i n e d  bv the Rochv FlJrs Health I’hvsic\ Dcpxriiicni 
sliow values in excess ol rhc recuniiiiendcd Iiiiiits cxtciidinp 
bcyond o u r  propcrtt houndmes 

Other significant regulations that should be considered in 

assessment of hazard are 

1 Criterion I of I O C F R  140 84 (FinancialProtection 
Requirements and Indemnity Agreements) which con 
siders surface contammation values above 0 35 pCi/m2 
(77 dprnlcm’ 350 mCi/km’) o\er I00 rn’ of property 
as the rnmimurn level of transuranic radio nuclides that 
would comprise a substantial discharge of radioactive 
material from i t s  intended place of confinement 
In the HkSL report there are contour lines extending 
beyond the plant boundary that show plutonium con 
centrations in e ~ c e s s  of this value 

A Colorado State Board of Health Regulation 
should b e  considered 

Radiation Regulation No 2 

R q u i r u i g  stabiluation of uranium and thorium mill 
talling piles This regulation applies to nfl uranium and 
thorium mill talling piles and could be interpreted bv 
the courts to apply to our  radioactive pile I t  states 
that all such piles shall be stabillzed against wind and 

RFP INV-I 0 

uater  erosiuii 
might bc emploied such JS concrete petroleum products 
ctc so JS to cnsure proper prorection from wind m d  
water erosion Access to the stabilned area shall be 
controlled by the operator or owner 

I t  stdies that an1 reLognired technique 

Although the plutonium Contamination of s o i l  in and 
near Rockv Flats can not be considered a ‘mdl tailing 
pile, this Regulation gives an indication of the State s 
Illinking UI J somewhat analogous situation 

lnitidl estimates mrde by RoLky Flats Manufacturing 
personnel bJscd on total number 01 leaking barrels and 
average plutonium concentration in the oil led to a value 
of approximately 8 5  grams total plutonium deposited in 
the sod beneath the barrels 

Making use of a11 the sod analvsis data one can c d c u  
late an estimate of 7 6 grams over 5 63 krn’ (1  203 acres) 
ourside the plant boundary down io the 13 mCi/km2 
contour The authors 01 the HASL 135 report estmate  
between 2 h Jnd 5 8 Ci oTf AEC property (38 to 85 
grams Rocky Flats plutonium) 

After tahing a11 aspects into consideration the committee 
concludes that additional land should be purchased as 
proposed separate11 
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3 HISTORY OF PLUTONIUM CONTAMINATED 
OIL DRUM STORAGE AREA 

I-ioiii r l i ~  hcciniiinc ot cipcrJtioii\ (11 thc R1jcL.1 I I i t \  

Phiit orun i c  liquids cotitJiiiiit t i e d  will1 t ~ c l t o  i c i i \ c  

i i i.nrids wcrc gcneratcd in v iiioii\ ni.iiiut.icturiiig opcrJtioiis 
I n  thc tnitiJl dcsicn ot the IJLilittcs vcrv l i t t l e  Jttciitioii 

WJS given to this pJrticuIJr rdioJcttvc w J m  problciii n i c  
voluriics were vcrv low a i d  i t  11 id bccn dssuiiicd l h J I  Ihis 
lor i i i  ol coniuiiiiiiJtcd WJ\IC coiild he ciilicr hurncd O I  

pJckJrcd in sonic i i imiicr Jiid sliippul lor blrriJI ~5 w r c  
th‘ low lcvcl solid wJstcs In tlic c.irlv ~ J V S  01 the Rochv 
Flats opcration soinc urmiiiiii CwitJininJtcd o i l  WJ\ buricd 
Jnd soiiic IiicincrJtcd In 1057 J mal l  qudniitv 01 urJiiiuiii 
eontJtiiiiiJtcd o i l  WJS shipped to tlic IdJllO hurldl  site hut 
shipiiiciit ol coiitJniinJtcd Itquid w~stcs  W J ~  n o t  continued 

Changes iii wcJpons dcsgn Jnd iii iiimulJcturtng proccsscs 
signtlicmtlv incrcascd tlic Jiiiouiit 01 contmiiidtcd oils 
bciiig cencrJtcd This pJrticul.trlv bignit icJiit in thc niJiiu 
lacturirip ol plutoniuiii coi))poiiciits Tlic prohlcnis ol 
pernimcnt dispos~ls Jnd ot s t o r m  ot tlic iiicrcdsing 
quaiititics ccncrdtcd wcrc rccopni/cd in l l ~ S O  

Thc outsidc plutonium contdnilndtcd oil drum stordgc 
m a  was first estdblishcd in Julv 1958 

Most of the drums transferred to the field wcre noniinal 
55 gallon drums but a significant number were 30.g~llon 
drums Not all werc complctcly full Approxmatcly threc 
fourths o f  the drums wcrc plutonium contamindtcd whereJs 
mos! of thc balance contained uranium Of rhosc ConldJntflg 
plutonium most included lathe coolant consisting of a 
straightchain hydrocarbon mineral od (Shell Vitrer) and 
carbon tetrachloride in varying proportions Other liquids 

Devclopment work on J potentidl proccss to dispose and/or 
rcdJiiii thc iii i tcr i  11s coriiiriuLcl A s  J rcsuli ot i l it  dcvcl~)p- 
niciii studies which had been initiated Iiowcvcr J reconinicnd 
dtion was issued in December ot 1959 t h ~ t  J still bc con 
structcd lor thc W ~ J ~ J I I O ~  purltication Jnd rcuse of ihc 
cubon tctrdcttloride and thc Shell Vitrcd A process design 
was lorwarded to PlJnt knginecring Thc proccss WJS set 
up in Buildinr! 77 I Bccduse of tiriic Jnd funding problems 
surplus stJiiilcu stccl equipment WJS used On MJV I 5 I YhO 
tcst runs on this cquipnient wcre begun dnd shortly JltcrwJrL 

drums of currcntly gcncrdtcd o i l  togcthcr with some trans 
lcrrcd Iroi i i  tlic IiclJ were proccsscd through thc system 

Concurrcntly processes to disposc of the still bottoms from 
this operdtion Jnd 01 other liquids wcre being pursurd with 
incincrdtion receiving the most tavorable attention In thts 
sysrcni the wdste heat would be utilized to evdpordte daueous 
w~stcs  which were JISO beginning to  be J problcm 

, I t  Icr Jd(’rfiori 1 1  dcvclopriknt worh to solvc Ilk ~orrosi(iri 
~ t i d  1)tIicr nroblciii\ ,I rcvtscd dcsicn H,IS \ubmittcd to 

tnFiiiecring in Lkccinbcr 1961 Tlic prtacss wds includcd in 

thc proiect AdditionJl Proccssinc Facilities Contract 
AT(?) 1) - I298 which was dn expansion of the plutonium 
chcmicd opcrdtton During this period dcvelopment ol a 
dudging process for disposing of the stdl bottoms and other 
WJS~CS  by mixing with an activdtcd s i l i ~ ~  was also compicwd 
In Junc 1063 .I dccision WJS mJde to delctc the CCIO still 
arid other fcJturcs 1 roni the expansion project bccausc 01 
lunding problems Bccause 01 this thc design capacity 0 1  
the sludging process was increased t o  provide for processing 
all contamiiiatcd liquids and funds for this project based on a 
niixcr extruder system called the ‘jelly factory’ wcre rcqucsted 
lnstillatioii of the mixer extruder svstem w3s complctcd in 
Janudry 1964 but start up work revealed major dcficienctcs 
which required extensive modification in thc installation 
Thesc modifications werc not completed until late in I965 
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Alrcr tiiorc stJrt up problciiis thc I1n.d phdsc of ctiiptyiiig 
thc drum ficld bcgdn on Jdnuary 13 1067 Bv tlits itiiic thc 
11cld contdined about 5 340 drums of wliieli tpproxiiiidicly 
1 570 coi i tancd plutoniurii coni~riiirirtron Tlic oldcsi drum\ 
Jnd Itiosc ccitil lining p~utolitutii WCrc  proccswd l i n t  TII the 
bcst o f  our hnowlcdgc thc IJSI 01 tlic plutoiiiuiii coiiiJiiitiirltcd 

o i l  WJS rciiioved o n  JJnudry 25 I%H Tlic Idsi 01 IIIL  Il~JIitIJI11 

cotitdniin itcd o i l  WJS tr.iiistcrrcd to J iicw dritiii OII M IV 3% 
196X .md sliippcd 10 tlic dispos~l plmt iii JUIIC 5 I%X 

Juh 

JdnuJn 

Januarv 

First cvidciicc 01 I J r w  UJIC dricrtordtiiiii 
ol dritiiir rcportcd Soil coiiiJiiiin.iiion 
reported JS tncrcastng 

Small budding added t o  fdter and 
transfer contaminated od from 
leaking drums to new drums 

J IIIl1JI\ 

J L I  ,IC 

Julv 

R1-P INV 10 

PrcliltirnJrv proposit lor  Coiitmnicni 
covcr prcprrcd hy R d y  rlJts I- iciliitcs 
L ngiiiccriiig 

first COJI o f  till itiJtcrtdl ~ppltcd 

Fill work coiiiplctcd paviiig contract 
IC1 

Ovcrldv n1Jtcri.d soil stcrildnt Jnd 
~ s p l i ~ l t  priiiic COJI coitiplctcd 

AspIi~It ,iintJiniitctit covcr Loiiiplctcd 
including tottr sampling wcllc 

Tltc d c p o ~ i t i o ~ i  I I I  i!ic contJiiitnJttoii 111 t h e  coil  1 ilic drur I 

I I i e  ircJ Kccit\pcti\itin ~ i i d  rcdistrthuiion 01 t l i c  conimtn.t 
Ion Iiciwc\Lr n I\ rcrt  tiiih ncii  I \itiiplL 171 iilirt~ J I I L J I  

~ ~ ~ I I L I I O I I  ot 1iiiii 

J-IILIJIL~ u i ~ h  rciuovJI 01 the driitus wliich c\w)\cd thr 
ciII1tJitiinJicd u1i1 ~ i l i ~ s t e ~ l  J ~ I I V I I \  in tltc Jrcd and tlic 

Ikriiidic l i i ~ l t  wtitds Iound dt R(kh\ kI 11s Tliir Laii bcst 
be SCCII 1 1  WL study ~ J I J  trom J i r  uiiiplcs collcctcd direrill 

Ikpdrtiiicnt ~ o t i d , ~ i ~  Jn cxtcnsivc dir winpling program io 

dctcrniiitc iltc prcscncc of dirbornc radiodctive conldmrninls 
in and drouiid tlic Kclcky Fl~ts  PIJnt silc One of tlicsc 3 r 
wniplcrs (desigmtcd 5.8) IS ntuated directly c d s l  of the 903 
druiii stordgc Jrcd r l t  the cast pcrimeter lencc Thc contdmi 
nation levels dctcriiiincd bv analysts of sainplcs cullccted 
d ~ i i y  from this loution hJvc through the years bcrn higher 
than thc lcvcls iiicawrcd J! oiher locrcions 

iyc Jrc I hccin J i i i r t l v  J l t L r  ilic drittits wcrc pi iccd tii 

Tlic q i i . t i i i i i \  rcdistrthttted * JI dircctI\ 

cdst 01 the Stor.tg:c J ~ C J  The Rocky t l d t s  H c d l t h  Physics 

Monthly JvcrJgcs of' thc !ndwidual drldy coniJ1iirnJlion 
levels show a vcry closc corrclaiion to physical J C ~ I V I I V  111 

thc drum storJgc Jrcd Figure 3 I shows a graph of thc iiionrhlv 

dvcragc dirboriic contrlniination levels detcrniincd at air 
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~ l l l l ~ ~ ~  r, ' ~ i I l c l l  J I I l l \ / t I I L  !IlcSc 11 I IJ I 1  l \ ~ l l l ! ! l  1 1 l ~ i 1 1 1 -  

I l l  I I  I l I \ l  I - 
drulll\ -kill!! IlIJLC 111 L ~ L l U > I O I I  IC I lCL  \\ I\ lddcl 
( 1 0  1 1 i i i i ~  \ \ILJI JLIIVII~ in 111c Jrc I I Otic diui i i  H .I\ 
puiicturL, - \  J lurh I i t t   rid sonic so11 WJS d d c d  I ( I  covcr 

ccrtdin . o m  miinated NCJS Thesc plit c i ~ ~ l  ~~tiv it ies  cor 
responded IC) [lie higher readings rcpurtd during the 

1063 ~ h r o ~ r h  1065 period Stdrtiiig iii January 1967 J 

gredt dcal ,>I activitv in thc area WJS associJicd with drum 
removal T h e  wir~mination levcl rnedsurcd in 1968 
paralleled the drum renioval Jctivity In ldtc 1q68 ~ c t i v i i v  
JssociJtcd uitli wceds being burncd and grJding 0 1  tlic JICJ 

cdn be Lorrelated with high contaiiiination rcddings l o  
April ot I909 when the large rocks and stakes werc reniovcd 

I ' h 3  IO I ' J O C  I 1 l - C  \c 11c l lLILI1111 1111111 I l l  I I I C  

RFP-INV-IO 

111 LUovctiihLr ( 1 1  1%') 1111 ~ t r u r  wniplc wclls wcrc due Jnd 
ilic i n c r c J m  III untdiiiiiution k i ~ l  Jrc Jttributcd to thc 

~ctiviiv in  itic arcJ I n  April 01 107 I d new draindpe ditch 
WJS compleicd just west 01 this ared dnd again higher 
coniarnination vdlues were observed 

At no time did thc valucs fro i i i  air samples indicate that 
pcrmissihle lcvcl~ ol plutonium emtamination in air had 
been exceedcd However these dJtJ do indicate the most 
probable pcriod when maximum resuspension and redis 
tribution ot the contaminJted soil tooh placc 
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reports <vi duioniii i i i  coi i tminat ion ot soil% espcciallv reports 
rclqtcd TC) [lie Pdloiiiarcs iiid Tliulc JccidLnts Laiirrhani rc 
ported l l i ~ ~  ihis intoriii~ticrn is n o t  rcddih J v d i h h i c  bccmsc 
i t  had not bcen published bv thc Air Forcc LJnp1i.m A r t h u r  J Wliitnian 
revicwc(1 H ASL rcport 235 for the AEC aiid s ~ i d  he W J S  Donald W Hcndrichs 
reasonabh iniprcssed tlidt a professiondl job had bcen donc Ross L h i n n m d n  
Hc nicniioncd bv tcleplionc comiiiunications Jnd ldtcr PJUI J MudrJ 
suggestcd ir writing that the Dow comiiiittcc i i i icht  protit 
by a visi1 to Ltrs Alamos I I I  tJ1h !(I pcoplc I Jmil idr  with USPHS SWRHL 

hlel W Cartci torcicii L i w t m i n J t i o n  incidents JS wcll a\ w i t h  c O i l ~ ~ i l i i ~ J  

Jim Mullins tioii incidents a1 Los Alanios It WJS suggcstcd t h a i  Dcm 
Meyer John Hcalv and Williaiii Kennedy could providc 

Lcs Dunn tntoriiiJ'ion Lonccrninc coiitaniinalion lcvcls in tlic LASL 
arca 

actIvItv IS given in Appendn C 

USAEC RCECO (Tcst Sitc 

RaJioIocic~l SJfeiv Branch 
Radiologic~l Salctb Branch 
Effects Evaluation Oflice 
Operations Division 

laboratow Director 
D ~ O U I Y  Chief Andvfical 

Cnt ironincnt.d Survcv 
Division 

Em ironmental Services 
Ciicrnistr\ Laboratorv 
Chcmistrv Laboraton 
Sit: Survet 

John S ti- L L  ( I I A S L I  nicntioiicd t h a t  Iic Ii id pJriicip.iid 
in J iiiz I - _  JI !he AI C IILadquaricrs o i i  J u I \  0 7 1')70 1 1 )  

draw 11-  _ _  Jclincs l o r  slnipline and m d \ / i i i c  soils l o r  
plutoni,- Harlcv alsti discussed tlic possibiliiy 01 HASL 
personncl rcrurning to Colorado tor J suppleiiicntdl progrJiii 
to includc t 1 ) more dctailed survcvs in the iniiiicdidte 
vicinitt 0 1  Rocky Flats and ( 2 )  specific field studied on rc 
suspension of plutonium contaminated soil p m i c l e s  

Don Koss (Health Protcction - Opcrattondl Sdfctv) 
discussed in eredi detail the AEC guidelines (prepared 
Julv 6 3nd 7) for plutonium sample collcction and analvsis 
This disussion with Ross reviewed the initial request from 
A L O  (\I B Johnston) for such a meeting the membership 
of the committee which developed the guidelines, how t h e  
guidelines s e r e  arrived at  dnd a summarv of the nine guide 
lines This document has bcen routed to Dow through ALO 

Art Whitrnan (NVO - Rdd Op ) discussed the availabdity 
of NVO reports It  was suggested :hat we obtain a copy o f  a 

f Hcaltli Pl i \ s ics l  wcrc coniJLiLd D xiissions ucrc hcld 
conccriiiiic J coni,iniinJticir rcIcJw uliicli ocurrcd in 11)q7 

An c\pIo\ioii iii J proccss rJnh .dltiuciI thc rcIcasL 01 J 

u r m i i i i i i  pliiicriiiuiii soluti, r7 !lost 1 1  [lie contaniindtion 
WdS coni iincd uiiliin a buiiding Iiawever sonic c011 

taniindtion i o  ilic environnent resuited bv personnel tracking 
i t  outside and the escape 01 dirbome contamination I t  was 
tstimatcd t h J 1  about I grain ot plutonium was lost Some 
gravel and top soil were removed and placed in drums for 
disposal 

NEVADA 

C A Pelletier (Environmental Iicalth Scrvices Laboratorv) 
stated that work was being Lonductd Lonccrning rhe 
deposition of radiodctlve material from the air to sod 
However resuspension of  plutonium from the sod and 
soil stabiluation have not been investigated 

Claude Sill discussed the Idaho meihod (fusion and total 
dissolution) for analysis of plutonium in the sod 
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5 REVIEW OF CURRENT ANALYTICAL 
METHODS FOR PLUTONIUM IN SOIL 

Various methods have been uscd lor ihc Jnalvsis 01 pluto 
riiuni in ~ 0 1 1 s  Tlicv dillcr priniarilv i n  ilic iiictliod hv 
which t h e  plutonium is rclcascd Irom tlic soil Thcsc 
methods b m  from acid leaching to complctc dissolution 
01 the wil bv lusion 

Thc spceifi, methods used by vdrious SIICF t o r  pluroniurii 
malvsis hat e been collectcd Three ol tliese ( Kocky I - l ~ t s  
Health Ph\ sics L b o r a t o r y  Jnd Budding 811 I Analyticrl 
Laboraton and the AEC s Health and Satctv L a b o r ~ t o r v )  
are summarued below Following tliesc suniinarics thcrc 
is a discussion o l  the reproducibilities 01 the various 
methods c~rninients on the I W O  Rocky Flats Laboratories 
that have the  capabilities tor analysis ol plutonium in soils 
dnd a summarv 01 the ALC guidelines tor soil unipling 
and anaiysh 

Methods Summary 

T h c  soti w n p l c s  (1011) Jrc icnited J '"I'u spthc fused I O  

meJsure rhc rccoverv 01 JII rhc plutoniuni iii thc u n i p l c ~  
I S  JUJC, Jnd the umplcs Jre cbqxirdtcd ( IsJc l id)  
JltcrnJrtly with HhO, i n d  I f (  I This is tolluwcd b\ J 

kdch u , i h  HF Jnd If(  IO, The solids J ~ C  ihcn rcinovcd 
bv tiltr-tion the aciditv ol thc solution is rdjusted with 
HCI ana the Pu is separated by miun exdiange Thc 
plutonium concentration is then detcrmincd by a l p h  
spectrometry 

RFP INV-IO 

Other methods tor deterniining plutonium in soils involve 
complete dissoluiron of the wil by lusion Illen separation 
of the plutonium from the fused mass i n  the AEC complex 
Claude Sill ol the Idaho Operations Olfice is a proponent 
of this mcthod The priniary drawback of the fusion 
method is thc extensive time required to process each 
vrnple and the relatively small sample size ( 1 to >g usually) 
that can be handled conveniently Thosc tavoring the 
tusttrn method r r c  convinced however that i t  IS the only 
sure WJY of gctting all 01 the plutonium in solution m d  
dvailable for analvsis 

The d m o t i n t  01 plutoniuiil ihd will dissolvc bv leaching 
depends o n  its timn i n  the soil In analvt ic~l  methods 
2 lh Pi1 spikcs Jrc ~ d d ~ d  iri SO~UIIOII  l o r n i  As J rcsult 
this spihe ol plutoniuni will bc niore c ~ s i l ~  rcniovcd 
trom soil t h J n  pltitoniuni it1 t h ~  torrri 01 oxidc cspcLtdIv 
ouidc ihJi is hi:h t,rcd Altliouph tlicrc is probJblv n o  
hciicr W J )  t(1 spit,c J soil sJinpIc thosc using soil analvsis 
~ J I J  should hc J \ b J r C  ,)f the Iiniitations dnd the d 3 t ~  should 
hc c\JluJrcd Jcci)rctiiiLI\ 

I-umiiic J soil uinplc w i i h  ~ r i  IIF IICIO, iiiiuturc is Jnothcr 
method t h d  hJ, bctn  used !or compleic sod dissolution 
It IOU is J ltnrthv process T h c  use ol this method has been 
reported by IfASL (HASL 235) The current Rocky Flats 
method uses J HF HClO, acid treatment but not to the 
point of complete dissolution of the samplL 

2 Rock) Flats  (Budding 881 Analyticrl Laboratory) 
Reproducibility of Analytical Methods 

A "'Pu spike isadded to IOOgof soil and the samplc 
is leached twice with a I IO 3 mixture 0 1  HCI and HNO, 
Plutonium is removed from the leaching solutton o n  a 
column of anion exchange resin After stripping the 
plutonium from the resin with a dllute HNO, HF 
mixture the acidity and plutonium valence are adjusted 
and the  plutontum is extracted with TTA T h c  
plutoniumcontainlng organic solution is then evaporated 
on a planchet and the plutonium determined by alpha 
spectroscopy 

There are no analytical standards for plutonium in sod 
The only way that analytical methods can be compared 
therefore is by percent recovery of splkes the preciston of 
these spike recoveries and interlaboratow analysis of the 
same sample Data on sptke recovery and the precision o f  
thts recovery are summarued below for the Rocky Flats 
and the HASL methods This IS followed by a discussion of 
results on interlaboratory sample exchange programs ana a 
comparison of different methods on the Same samples 

10 
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111 niid l1 )7O J sLrics 0 1  soil\ t r i m  LKL u I I i i . d \ / L d  

JI  ROLL\ I-1.11s Tlic plutoniuiii content rJiiiLd i ro i i i  

0 1 to 2 0 0  d/m/g with 5 uniplcs GI d’iii /c  onc saiiiplc 
JI IO dlmlg and one sample at  500 dlnilg Thc average 
perccnt recovery of the spikes for ~ l l  rcpltcatcs WJS io‘/ 
with standard deviation ol 77 

A t C  H a l t 1 1  and Safety Ldbordtorv (HASL)  

J H Hwlcv provided data on spihe recuvcrv tor thcir 
method On ten soil umples anah led tlic meragc 
recover) was 83% with a stmddrd deviation o! h” The 
data supplied were iii the torm ot spihe recoveries uiilv 
the ainuunt o t  plutuntuiii in the uniples WJS noi 
reported 

Comparison of Different Analytical Methods 

HASL has ,omparcd their led1 method J Ldrboiiate tusion 
niethod m d  3 HF HClOd dissolution nieihod a11 on Rod1 
Flats soils Thc rcsults dre shown in TJblLs  3 I m d  5 2 These 
results i n d i ~ a t c  thJt the iiiethods Jrc reasonhlv coiii(idrahk 
(not sign~ti~antlv diffcrcnt dccurding to thc HASL  rcpori) 
I t  should br noted howetcr t h t  tlicrc 1 5  i i t i  i i i d i ~ ~ t i o n  0 1  
the ChemtLJl torm ol plutiiniurii in the si111 LI\LLI t o  o h t ~ i i i  

the results in either 0 1  thcsc iJhlc\ 

Tab(. 5-1 Cornparimon of Plutonium Arulyvs in Soil by Nitric 
Hydrochlorac Acd L u s h  and Sodium Carbonate Fusion 
Moth& 

soll 

Tvpe  

I A  

I9 

2A 

28 

3A 
3 8  

J nm I 1 001 

Hethod Pu 1 3 V  + 240 l u  2 J O -  

Lerch JO8 f l  I 5 9  0 2  
Fusion 318 ‘ 1 2  6 6 t O 3  

Leach 1619 f87 3 2  2 2  

Fusion 1607 2112 3 5  2 2  

Leach 6 0 f 0 2  0 I9 t o01  

t usion 8 O t O 3  0 I 3  t o o l  

l’trrrnt 
Cliemical 

Y IClJ 

53  

59 

56 

66 

58 
61 

This information received from J H Harley HASL September 3 
I970 

Tabla 5 2 Complete Dissolution versus Laaching 

7 

h 

4 

N Y C  
6/67 

Y Y C  
12/69 

N Y C  
12/69 

N Y C  
11/69 

I 4  

6 

4 

0 2Ocm 

0 2 5 t m  

0 5 rni  

5 2Orm 

Hlir kb t i a t \  4a,11\ 
I a h  \ILIIIIIJ - -  

H4SL lcrrh 
H4SL furiun 

HASL ledrh 
HASL lrrch 
HASL fusion 

HASL leach 
H4SL fusion 

Other Soils 

I II 2 1‘1 

i )cVIJt I I l I I  

d p m / p  l k rwrrn  
P o  Methods 

3 08 t 4  3 2  
3 I 8 2 4  

18 7 24 

16 3 2 s  0 9  
16 0 -5  

0 060 f4 2 8  
0 080 24 

mean 13 

IPA kdCh 0 0167 24 

I PA lrrrh 00165 r s  
HASL lusion 00166 24 

TLW IearII 0 2 2  2 1 0  
TLW lrarh 0 2 0  r5 
TLW HI. dissolution 0 2) :I3 
TLH HI. disrolutton 0 24 1 5  

TLW leach 0091  t 6  

TLW  l r rrh 0096 t 5  

TLW I t 1  dirwlution 0 090 2 6  

TLW HI dissolution 0 092 t S  

0 0048 2 2 0  TLW lrrch 
00041 :I6 TLW leach 

TLH HI  dirwrluiion 0 0035 f42 
T L H  HI Jirrcilution 0 0049 - I 1 
IIASL luston 0 004 I - 5  

TI  M IkJch 00074 -3s 
tJA4L fU \ lOl I  O O O S l  $4 

0 

I 1  

3 3  

7 1  

37 

mean 12 

d/mk 
LRL Rocky 

Comparison of lnterlaboratory Results 

LRL supplied Jndvscs on thc wniples thcv sent to Roc l i  
Flats m d  nicntiuncd Jboic  The results are tabuldted bclw 
Qualitdtively the agreement bctween thc two series 01 

results IS  quite good 

Sdmple Number 

I 

3 
4 

5 

6 
7 

1 - 

(a ) range 
mean f- 

2 

0 29 +O 19 0 06 
0 67 0 82 20 22 
0 4  0 7 1  2022 

0 4 4 t O  I5 0 2  
0 14 
091 

1 OF ? I  07 

550 493 t33 
13 109 208  
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Tlic Kibch\ f I . I I $  I l cJ l t l i  l ) l i\v~\ LJborJIon U J \  i i i t o l t L d  111 

prcpJrcd In ( I J L I ~ L  \ill L I I  I d ~ h o  Thc wil \ ~ i i i p k \  HI r 
JppJrcntlv tuwd attcr prcpardtion so ihJt 1 h  nlutoliiurii 
was present in the torni UI J high tircd o u d ~  On the tirsi 
two of thcsc there was a recovery of65 and 100'~ (the 
andlytical method used includcs leaching with H F  wliicli 
will dissolve high tired oxides better thdn anv other trcat 
ment) This recovery was better than that obtained bv 
either HASL or Los Alamos Subsequently two other 
Sill prepared u m p l c s  were analyzed The hbordtor)  
obtaincd d n  8 %  recovery on a sdniplc containing 23 d/ni/g 
m d  a 7 1% recovery on a u m p l c  containing 39 d/ni/g 

dll  iiitcrlJhorJrorv Ulllplr L \c l lJ I lCr  111 111d 1')70 11\111!! \Jl l lplc4 

Currently the Rocky Flats tlcdlth Physics LJboratoiy is 
involved in a 2'yPu Soil CrossCheck Prograni being adiiiin 
istered by the Southwestern Kddiological Health LdborJ 
tory Five samples have been received and three were 
analyzed The concentration of plutonium in these samples 
is in the range o f  5 to 30 d/m/g Verbal information has 
been obtained on the first sample analyzed and indicJtes a 
recovery ot between 95 100% 01 the plutonium present 
(-33 d/m/g) Three aliquants were run The precision 
as measured from the three dliquant results was ?S?t 

HASL has conducted interlabordtory comparison 01 meth 
ods They are summarizcd in Tdble 5 1 For the most 
part the results trom thc various laboratories appear to bc 
within reasondble dgreenicnt 

Table 5 3 Interlaboratory Compariron Analysis of Plutonium in Soil 

JPin I I OOL 

h l l P l C  

Loc3l1011 LJh - 
Colorado ( I  ) A 

H A S L  
HASL 

Colorado ( 2 )  A 

HASL 
H A S L  

Lolorado ( 3 )  A 
H A S L  
HASL 

N e w Y o r k ( 1 )  A 

HASL 

New York ( 2 )  B 
B 
B 

HASL 

Illinois ( I ) B 
HASL 

Methiid I'u 238 
~~ 

HNO, HCI Leach 
HNO, H C I  LeJLh 
Na,CO, Curicin 

HNO, HCI Learh 
HNO, HCI LrJbh 
N J  C O ,  kut ion  

H N O ,  HCI Leach 
HNO, HCI LeaLh 
Na, CO, C usion 

HNO, HCI Leach 
Na, CO,  Fusion 

HNO, HCI Leach 
HF Dissolution 
HF Dissolution 
Na,CO, Fuuon 

HNO, HCI Leach 
Na, CO, Fusion 

400  t 4  

308 1 I 
J i 8 r 1 2  

1660 t 3 J  
I b 2 9  t 0 7  
1607 82 

1 0 2 ' 0 2  
6 0 . 0 2  
8 0 1 0 3  

1 1 - 0 1  

I 7 2 0 1  

0 4 1  2 0 0 7  
0 3 5 2 0 1 5  
0 49 t O  07 
0 4 1  t o 0 2  

0 74 t O  15 
0 5 1  2 0 0 3  

1 2 t 0 2  
5 9 - 0 2  

a 6 r O J  

31 8 t l  3 
31 8 2 2 0  
J S J t I b  

0 2 0  t o  01 
0 20 to 01 
0 13 t O O l  

0 04 t O  01 
0 4 1  '002 

0 27 t O  2 1  
009  t O  I S  
0 0 4 t 0 0 4  
0 03 t O  02 

- 
- 

Table 5 3 Iconttnued) 

4Jlll()iI 

Locarit in Lah \!elhod 140 l u  2 3 8  
~~ 

N c w Y o r h ( 3 )  I I  HNO I I C I L e d c h  4 1 5 2 . 0 2 )  0 0 3 1 0 0 3  

I )  HNO, tic1 LeJch 4 5 3  t 0  JO 0 J9  t 0  10 
13 HF Dl>roluuon 4 S8 to  2s 0 20 t o  10 
I3 H I  Dirvrlu~ion 4 4 9  t O  2 4  0 14 t O  09 

HAbL HNO, tic1 Ledch 4 I 3  $0 I 1  0 3 2  t O  0 2  

General Comments 

ROCKY F L A T S  HEALTH PHYSICS LABORATORY 

The laboratory personnel are currently investigating a total 
dissolution method using a Teflon lined Parr Bomb Pres 
sures as high as I200 psi can be obtained in this bomb I t  is 

hoped that with this high pressure and a mixture of HF and 
HCI it  will be  possible to dissolve a greater fraction of the 
samplc 

The back log of samples in the Laboratory is being reduced 
The dvcrdge elapsed time for a a m p l e  analysis is now one 
month howcvcr the tune depends on the priorirv of the 
simple I I tdkes about a week from the time analytical 
work begins on J sample uriril the results are available 

BUILDING 881 ANALYTICAL LABORATORY 

The Buildiiir XX I -\naI\tic~l LJborJtorv has been develop 
inc J cJpabilitv for plutonium snalvsis in soils over the 
IJst six to eight monihs The\ currcnilv hdvc a method 
devclopcd lhlcthods Summar) (2 )I dnd haw obtaincd the 
ncceswry counting cquipnicnt Analyscs ol soil umples 
taken from the Pdd Jrc in the range of 0 001 to 7 7 pg/ 
100 g soil T h e y  estimate their precision on these saniplcs 
to have been t 20' c 

To investigate the effect of the form of plutonium on i t s  

recovery they spiked a large soil sample with plutonium 
and heated i t  t o  400" 600" 800" and 1000°C They 
analyzed samples heated to each temperature by their 
method (which includes an HCI H N 0 3  leach) and 
recovered 1 OS 109 85, and I 3% respectively of the pluto 
nium This graphicallv demonstrates the influence that the 
form of plutonium has o n  its recovery This is a i m o r t a n t  
observation T h e  nature of the plutonium in the soil 
sample should dictate the dissolution technique used 
I f  is is suspected that a high fired' oxide is involved, the 
fusion method recommended by Claude Slil (or near 
complete dissolution) might be necessary for reasonable 
quantitative results 

12 
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AEC Guidelines for Soil Sampling and Chemical 
Analyses 

During ~ h c  coursc of this committcci investigtron t h ~  
AEC issued 3 set ol guidelines lor wit sanipiing and s3rnplc 

The Lritcm for urnplc dndvsis Jrc ccneral md the rnethcsJ 
now in usc appear to complv with the AEC recornmcndation 

13 



6 SIGNIFICANT PERTINENT INFORMATION 
FROM PREVIOUS INCIDENTS OF 
P L U TON I UM C 0 N TAM I N A TI 0 N 

There l iJ \c  bccn scvcr 11 iiistmccs 01 plutoiiiuni C O ~ I J I l l I I I J  

!ion ot the environnieni outsidc 0 1  J govcrniiicni f AE( ) 

controlled ~ r e 3  Two 0 1  tlicsc - PJloiiiJrcs Spain 
Jdnuarv I966 and Thulr. Greenland Januarv 1968 - 
involvcd major plutonium ccint~niinatiliii ol 9giiil i c~nt  
Imd  arcas Thcrc wcrc JISO s iplaant politicd and public 
reldtion overtones I t  is instructive to exdtiiine thcse t w o  
accidents to see what cJn be learned about tlic e\rcnr t i (  

 ont tam in at ion the methods uscd to ~ C L O ~ ~ ~ I I I I ~ J I L  Jnd 
tlic diiiount ot residuJ1 activitv remdininc JI tcr dcconuiiii 
iiation w3s complctcd nrc PJloniJrcs dccidciit w~ l l  bc 
evaiiiined first since it  niore closelv rcsciiibles the Rocky 
Flats situation with contaminated soil 

Palornares 
EXTENT  OF CONTAM INATION 

The accident at Palomares rook place at 32 800 feet with 
pieces of  the plane falling over a very wide area Plutonium 
was released by the non nuclear explosions of two bombs 
A total 0 1  approximately 558 acres was contaminated A 
total of 5 4 acres had an alpha contamination of more 
than 700 000 d/m/100 cm2 (See Appendix D for simplr 
fied conversion to other ~ommon units found in this report 1 
An  are3 of approuinidielv 42 acres showed contamination 01  
between 700 000 and 70 000 dlmi IO0 cm' dnd the rest 
wme 5 I I dcres showcd contamination 01 less than 
70 000 d/ni/100 cni' I I Jcres 
were concJniinJtcd io I c s  thJn 7 000 d'ni 100 ciii 

jlorc thdn hdf 01 rhcse 

DISPOFITIO\ OF COhTAVINATFD $OIL 

Thc dispositiori 0 1  ilic LontJniinJtcd soil I \  suniiiiJri/cd J, 

I o l l o w  \ 

DISTRIBUTIOY OF PLLTONIUU Oh Ttit  S L R F A C t  
IN THE C IClhlTY OF THt PALOMARLS ACCIDEXT 

Initirl llutonium Contamination Area 
rC  i l l  00 cm rniilkm' J ln i l lOO  crn J L ~  Dirnosltit)n 

>O 32 >32 000 >TOO 000 5 4 Surface soil ( 2  3 ) 
removed and hurled 
at hvannah R n e r  

0 32 0 032 32 000 700000 42 
3 200 10 000 I ~ L I )  plowed 

watered 3nd some 

vrgetairon r rmovd  

<o 032 <3 100 <10000 5 1 1  
Detectable 5 5 8  I)eep plowed and 

watered 

'Frum one report it  could he concluded that this soil was also 
removed to Savannah River for burial but this docs not seem 

likely when we andyte all the reports on this topic 

bRather more than half is Ins than 0 0032 rCi/100 Ern' 

RFP-INV 10 

1 I i ~  rL i i i (> \d  i t  V ) I I  ttoiii I I  

U J S  higticzi rcsultc'cl iii  I100 .uhiL L J rd jo i  soil HhiCh were 
buried JI S3b~nn~I i  Kiver Ir thc sJiiic nianner JS other 1w 
k r d  fJdiuJ..fiiC tiiJtCriJl {To hclp p i n  J perspective ihc 
soil burict! .wtJincd Jbout IO' r o  IO4 tinies the dmount 
of plutonium tound in thc remaining  rea ) Also remobcd 
lroni thc sitc and buried JI SJvJnndh Rivcr werc Jboiit 
400 cubic tdrds 01 regetation I t  was planned tn~tiallv to 
deep plou onlv 100 acres of Imd having low but dis 
cernible aniounts 01 coniamin~tion However the operation 
was found to be so easilv pertornied that the area was e\ 
tended to includc an .~dditional 558 Jcres Plowing was 
done to 3 depth of approximatelv 10 to I5 inches the 
soil was primarilv sandy although some places were rochi 
This process reduced the surface ~ontamin~tion in this area 
to undetectdble mounts dnd i t  was concluded essentially 
climinated sicnilicant resuspension of plutonium into the air 

The iota1 cost for the operation in Spain has been estiwred 
as 50 million dollars This does not include the politic~i 
dnd public relations cost of the incident 

A comparison can be made between the quantities of 
plutonium tound in the soil at Palomares and the amouni 
found in the vicinity of the barrel storage area at Rocky 
Flats This comparison should be considered only an 
orderaf magnitude comparison since details of soil sampling 
at Palomares are not available to us An assumption is 
made that the reported results trom Palomares are from 
surtace sampling only At Palomares soil was actuallv 
removed (and shipped io the United States tor b u - 1 3 ~  
wlicre ~oni~niinaiion lcvcls were greater thJri 
0 32 p Ci 100 cni 132 000 niCilhm7 ) All soil con 
taming meJsurable contdmination up IO the vdlue 0 1  
0 33 pCi/ 100 cni was deep plowed Data trom the 
HASL Report 225 indicated that the two hottest 
spots found at Rocky Flats were east ot the barrel 
storage i reJ  Thebe spots lindtcated as sites 6 and 8 in 
HASL Rcpurt 3 72  contained totals 01 2000 and 
630 mCi/hm respective11 in the 0 20 cm depth Of 
the total plutonium reported from these sampling sites 
1320 and 4 I5 niCi/km' were reported as occurring in 
the 0 5 cm depth Rocky Flats Health Phvsics Depart 
ment sampling and analysis give results in excess of 
3 000 mCilhm' on AEC land The highest isocurte 
contour that extends on private property surrounding 
AEC land was tound to be between 400 to 1000 mCi/km' 
The plutonium contamination levels of concern at Rocky 
Flats are substantially below those levels at Palomares 
where soil removal was deemed necessary 

CURRENT LEVELS OF CONTAMINATION 
Sampling 01 the soil has been done on a yearly schedule 
in the Palomares region since the accident in 1966 Cxe  
samples are taken in areas that had varying initial cold A V  

nation These cores are divided into segments of 5 ro 10 cm 

4 acre\ \ \ l i C r L  i l i r  J L ~ I \ I ~ \  
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Wean annual rainfall 
H e m  annu 1 1  trmnrrJtiirr 

PJillm.lrrS K o t k v  I1311 

7 9 inches 
t14 8'1. 49 O a k  

14 4 inches 

Velcr ity of mo\t frrqurnt 
strong wnd pu\tr 43 m p l ~  4 0  mph 

Altliough R a L y  FIJIS hrls J hichcr raintall and a lower 
icmperaturc tlic wcdtlicr conditions arc not cxtrcmelv 
ditlereni 

Thule 
X iictworh ul lour air sdnipliiir slJtions w I S  sci up witliin 
thc dcLidrnt JfCJ Air uniplcrs wcrc p l ~ ~ ~ d  5 5 lcct JboVc 

the  round Tlicy opcrdtcd 14 hours J ddv througiioiii ihc 
ycdr  Ccllulosc tltcrs with J porc svc 01 I 2 iiiicrons wcrc 

fie JcLidcnt Jl ThlC WJS different lrom that at  Palomares 
in that the bombs caiiie down with the plane and wcrc in 
volvcd in 3 firc wltkh was fuclcd by J P 1  J C ~  fuel Also 
IllCrC WJS no V)ll InVOlVCd lust IcC J n d  Snow 

Activitv I U S  hccn IOUfld Jt all SJnlplIng JrCJS n l l S  

means that some rddioactive niateridl has become resus 
pcndcd 
wrt.iLc soil m d  tlic diiu~ion 1 1 1  tlic reil l  iirid~i hv plowirig 
jiji probcn ct~cLt ivC 111 rcducinp tIic 111c iii VJIIIC l o r  ' 3 9 ~ ' ~ i  

in thc Jir  io Icvcls Lonsiricnil\ hclow t h  pcrniiruhlc 

liowcvcr r c i n o v ~ l  of thc iiio\i eontJiiiinatcd 

IIIJXII~IUI?I 

Tlic '39P11 c l l ~ C C ~ l ~ J t I l l I l  In I l lC Jlr WJ \  IlOflllJltV ILL\ 

th in 0 I 01 thc iiuxiiiiuiii pcrinissihle eonccnrrJtion ( M P C )  
l o r  the pcncrJl public (Thc MI'( used YJS  troin tlic 

h c r p  Agcncy rcviscd cdition I')hX For insoluble 
~onipounds of 239Pu in Jir for tlic gcncrJ1 public it is 
IO pCi/cni3 for solublc conipounds it is h X IO 
pC i/cni' Although thc plutonium coiiipound~ Jrc 
known to be insoluble plutonium dioxidc tlic solublc 
compound liinit was used to provide d guar~nlcc of 
maxinium safcty ) Concentrations excccding 0 I thc 
MPC were recordcd on only 7 occasions two of  which 
cxceeded the MI" Both of these vdues did not cxcecd 
0 I 01 the MPC for insoluble '39Pu compounds howcver 

Rddtdtion Protection Norms of thc FuropcJn Nuclcir 

On days when maximum air samplc values were found 
the winds in the area had speeds of betwecn 7 and 13 
miles pcr hour 

DISTRIBVTION OF PLUTOhlUM ON THE 
SURFACE IN TI1E VICINITY OF THE THULE CRASHa 

InlIlJl 
Ilutoniiim < ~ i n t ~ m i n a l i i ~ r i  Area 

uc I I I O O  en1 rn( #/*nt Jtres i)ispo-.i1iitn 

:7x 2 7 7 7 h  x I O '  0 JP Crust and pocked 

I 4 0  I 3969 X I O '  2 23 snow removed io 

9 912 x I O '  J 4 3  an rvrrapr 
3 295 X I O '  3 4 6  depth of  

I 9 3  X IO '  5 I ?  4 inches 

' I - x c l u d i n ~  plulonium picked up o n  rucrrft debris and that b t  
yrsnd MJckcflCd I tc  JrrJ 

Wlien iucl burncd a blackened area was produced on the 

snow Approxirnatcly 99% of the total plutonium fouw 
( 3 150 2 630 g) was within this blackened area 

This black crust contdfncd unburned jet fuel I t  was esii 
mated that as much as 18% of the luel remained unburned 
Sedimentation studies showed that up to 80% of the plu 
ionium was associated with low specific gravity debris that 
remained suspcndcd in this jet fuel This debris included such 
things as metal glass and nylon fibers plastic rubber, and 
t h k s  of paint The plutonium itself was in the form of 
oxide particles with a very wide sue  distribution 

IS  



( O I L  Ll! " L 11 I I I L  ice Il ldlL I l C d  i l l  I t  

I l ' ,  0 1  11 . ( 1 1  11 piiiionriiiii w I S  i r i  I I I L  I (  1) - iiiClic\ 0 
1 1 1  ilic - 1 incliLs ~ n d  4> , 1 1 1  t l ic  top 0 r t i c l i ~ \  4boi1, 

I > ' I  U J ,  ir r h e  h o i t o i i i  IO inches Jnd tho r c i i i ~ i i i i i i c  40  
WJS dist rnu ed bctwcrn  h iiichcs t roiii  the top J I I U  i 0 inch 5 

t rom ttiL troiioni Tlic t o i J l  icc i h i c L n c s s B  is >4 inclics 
T h e  plutoniutii V.JS distributed throughout tlic I C C  bc  
c iusc the  !Le was IrJctured on impact of  i h c  plane wiih tlir. 

ice I t  s u b x q u e n t l v  re t ro /c  I t  was es t inuted  that  there 
was a total of 350 g r m s  0 1  plutonium in the fracrurcd ice 
drea ( Jporoxunatc lv  0 5 J c res )  

A radiologLal  survcy made soon af i c r  the accident 
showed 1h3t most ot the plutonium was contined io J 

limited 3rea Af ter  the debris  ot t h e  crash was removed 
another  s u n e v  showed thrlt the onlv significant plutonium 
c o n i a n i i r u t ~ o n  was conf ined  to the snow and ice of  t h c  
area where the tire had idken place 

RFP-INV-I 0 

Contamination u 3s removed bv removing the contaminated 
snow - Jppro\imdtely 9OOO cubic vards - and storing in 
einpiv steel fuel containers The  radioactive water was re 
turned t o  the Lnited State5 

T h e  amount ot plutonium found in the ice was dcerned 
low enough that dilution by  melting would reduce its 
concentration to sate levels This melting was hastened 
by covering the ared with M3R sand 

CVLk 
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of Public Health 
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7 RESULTS AND EVALUATION OF ROCKY FL4TS PLUTONIUM SOIL SAMPLE ANALYSIS 

Agencv I Colorado Committee on 
Environmental Information (CCEI) 

1 Xgenc\ 3 The Rockv Flats Health I Phvsics Department 

RCIU 1 1  h\ 

This is riot  a stdte sanctioned acencv bui rather a eroup 01 interested 
citirens The actual worh was performed -. E A Martell and S E Poet 
ot the National Center for Atmospheric Research Copies of a report bv 
this group werc maded on Januarv 13 19'0 to the following 

E B Gitlcr Director DMA  AEC Lloyd Joshel General Mdnaper Dow 
Rocky Flats A R Tdmplin UCLRL U q h t  Langham LASL  J - qarle\ 
HASL R J Engelmann DEM AEC H P Uetzger President CCEI 

h t e r  this report was released to the press and copies sent to the Governor 
ul (olorddo rlic ~ J I J  lroin t h t  report dit' not iiiconsistcnt with otlicr 
findings Jnd wcrc used in constructing models of plutonium soll 
contours constructed by Rocky Flats 

Rcma rk s 

These soil JI~JIVS~S d d t ~  wcrc consistent with the findings lrom this study 
by Rocky FIJIS The soil dnalysi, ddtd uerc  used in constructing the 

this report is found in Appendix B The H4SL  duihors took considerable 
liberty in Lonstructing their plutonium W'I contours and also in makmg 
their estimates of totdl plutoniuiii found J the soil The values for total 
plutonium cal~ulatcd trom the Rocky Flrts studv are somewhat lower 
thdn those estimated by HASL  

model 01 plutonium soil contours A siatistical analvsis of the data from 

RcmJrks 

Thcir icchniquc of tdking J IJrce number J I  slmples from 3 large area 
and coinbining prior to dnalbsis renderer. their dl13 inappropriaic lor 
inclusion in the ' model constructed in this study However analysis 
shows the data they reportcd Jrc consistr'it with the findings of the 
Rochy Flats study 

The first sod samples were tden in August of 1969 by The 
Rockv Flats Health Physics Department The wmpling 
continued through June ol 1970 A total of 99 sites ex 
tending as far as IO kdomcters (about 6 mdes) from the 
plant were sampled In August of 1969 The  Coiorddo 
Committee on Environmental Information under 
E A Martell took samples from about I8  sites Finally 
in February of 1970 The Health and Safety Ldboratow 
sampled and analyzed sod from 33 ales Only 18 of the 
33 HASL samples were evaluated for this study The 

other I 5  samples were t Jcn  beyond the Rocky Flats 
region and were not considered 

The 135 soil sample sites mere located by markers on a 
large contour map of  RocLv Flats. The radial distance 
of each site from the barrel storage area was determined 
by measunng the distance between each marker on the map 
and the barrel storage area then using the scale division of 
the map As a result radul distances in kdometers were 
obtained to correspond to the sod sample analyses in mCi/km' 
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rriiiii .IIiiipJriuw I rlic isticuric contour lines in F i p r c  7 I 
’ c O I I I L  i i i t ~  cl i i i toi i r \  t t i  illL LJSI jnd \ciciilic~\t J-PCJI  ntii 

io ti.nc LtiiticLd I I I  Loiitrisi io tlic oiitcr  Icvcls inL regions 
uliiL1i Jrc dLs.ribcd hi l ~ v ~ l r  t i t  plutoiiiuiii JCIP.II\ lroiii 
”IO 91 ( i/hiii t t i  3.0 ni( I Lni’ (trorii 444 4 d/iii :: J n  
,011 to i7 8 LI 111 g dr\  soil) sliow I slight cJstcrl\ micra 
I t  is lr i t  t h t  I h c .  iiiicration niav h e  duc 10 ttic gradu~l 
dissipation ot plutonium Lontdniination which is near rhc 
bJrret srorace area The arca within the 2OOO mCilhni’ 
contour whicli shows  activitics greater than 2OC2 mCi/km’ 
did noi clianre sicnificantl\ This mav implv t h a t  the release 
01 plutonium from the barrel storage area is now vegligtble 
I t  is also possible that thc gradual dissipation o! plutonium 
froni within the 2OOO mCi/hm’ contour mav cause con 
tinued dispersion ot plutonium at rcduced activiiies 
particularly within the IO00 400 and 3 5 0  mCi/hm con 
tours 

n 

Resu la 

Figure 7 1 etvrs the tirst estimate of the dispersion 01 plu 
toniuni in sort over the RocL\ F l ~ t s  area and ovcr land 
east ot i l ie R o c l v  Flats phnt The isocurie contour lines 
g v e  chJnecs in plutoniuni xt ivi ty  cont inu~l lv  from thc 
2000 inCu1,in’ lcvel to tlie 13 mCi/kiii* lcvcl I t  can bc 
seen that  plutonium conccntrdtions greatcr than 350 
tnCi/htii2 or 7 7  X dlinlg dry soil (disintegrdtions pcr niinutc 
per gram ot dry soil) cross thc Rochb F l ~ i s  bounddrv into 
privdte property 

l i e  isodose contour lines Here Lonstructcd in tlic followtiig 
manner First the contour map of Rochv FIJIS whicl~  con 
t31ns JII  ot the s o i l  sample locations was dividcd i i i to 

sectors The soll sample data lor cach scctor Here curve 
fitted using tlie niethod 01 Icast s q u m s  This rcsultcd in J 

mathematical cxpression lor cdch scctor which pvcs  tlic 
activitb 01 tlic plutoniuni in tlic soil JS J tuncttoii ot rddidl 
distance from the barrcl storacc JrcJ Spccilic lcvcls of 
plutonium activttt such JS 2000 niCi/hm’ (444 4 d/m/g 
dry soil) tollowcd by 1OOOf221 1) 400(8X Lj) 3 5 0 ( 7 7  8)  
100 f 1: 2) 50 ( I I I )  ind 20 rnCi/hiii2 (4 4 d/i i i /k  dn 
soil) % L i e  , ~ I c c t c d  TIIL r d i d  distJncc 01 cacti ~ ~ t i V i t \  

from ttic hJrrcl sroracc J r L J  U J S  tlicn L O I I I ~ U I L ~  t o r  cJcli 

wctor o! rhL mJp 4n J r L  I\ .15 struch across t l ic sector JI 

t h J t  d i h i J i  . L  Jnd .I Lci i lcr  p ) i i i t  ~ C J S  I i i c~ tcd  t i11 tlic i r e  

centcr mjinrs u c r c  thcn LonnccIcd i c i t h  J m o o i l i  hui 
rcJsonJSI\ J c c u n t c  curvc t o r  tlic lcvel 01 activitt dcsired 

T l i L  

Additional Data 

The most i i i imedim result from having constructed rlic isti 
curie contour lines was the need for additional soli samples 
to be tahen east ol the Rocky Flats plant In December of 
1970 after an interval of fivc months Tlic Rock) Fhts 
Health Ph\ SILS Department sampled and a n J l v x d  soil 
from 38 new sites The samples were taken on pnvatc 
property between the Rocky Flats boundary and Indiana 
Avenue and on both sides 01 the access road leading t o  and 
from the plant Radial distances from the barrel storJpc 
area were determined and the new analyticdl datd were in 
corporated into the model for isocurie contour lmes As a 
result the socurie  contour lines were rccdlcutated UUng 173 
soil sample analyses Figure 7 2 shows the niost accuratc 
outline to date of plutonium in soil in and beyond R o c k y  
Flats 

In renerd the contours were less extcnsive in everv dtrcction 
txcept tor  two locallzed repons of plutoniuni activit\ 
The tirst has Jlrc.td\ been dexribed (tlic 1000 400 and 3 5 0  
niCi/hm’ contours beyond the Rockv Flats boundarv) 
The second is the protruding linger of plutonium activitv 
in Sector 1 4 ot Figure 7 2 T h c  activity resulted lrom a 
relattvely hi$ value reported in a soil sample taken nedr 

Walnut Crcch just north of the plant The protruding 
cont(wrs did not change significantly from the initial studv 
but appear exaggerated because the contours m the adjacent 
sectors are less ektenstve 

Quantities of Plutonium 

The burden ol plutonium in soil inside and outside thc 
Rockv Flats boundary was determined mathema~ically bv 
applying integral calculus to the equations used to project 
plutonium activitv The total quantity of plutonium 2 3 9  
dispcned in soil other than that contained by the asphalt 
pad was calculated to be 14 3 2 2 0 grams 
is over 8 35 km2 ot land (2063 acres) The quantitv 
of plutonium 2 3 9  mside the Rocky Flats boundarv is 
6 7 f 0 4 grams over 2 72 km2 o f  land (672 acres) The 
amount of plutonium 239 on public and private property 
is 7 h 2 I X crams ovcr 5 63 km’ of land (1391 acres) The 
quantities ot plutonium were calculated by integrating the 
areas between the 20oO mCi/km2 contour and the 13 
mCi/km’ contour The I 3  mCi/km’ contour was the 

The dispersion 

I 8  
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Table 7 1 Quantities of Plutonium Per Contour Outside the Rocky 
F1.t~ Boundary 

A\*rJge 
Actirit\ PlI 2 3 0  4 r ~  I d l m l g  

~ r i  Lr.t i i i  it)  hm I)rr \IA - in mC i/hrn 

2000- I O 0 0  0 2 9 4 0 0  0 02 I L)II 

I oow4no I 2 4  0 0 '  0 1 )  I II  
400 J50 O J ?  0 0 1  0 0 2  K7 
3 5 0  100 1 in  0 2 -  I Oh 40 

100 50 I 16 OA.- I 0'1 16 

so 2 0  1 0 4  n c  I ' l h  7 

20-1 1 0 34 1) I 10 4 

I I  I 
TOTA I 7 h  - 1 )  

. 3 .  

How the Dispersion of P luton ium in Soil was 
Estimated 

Thc mcthod ot least squares' WJS uscd JS J nicans io prii 
JCCt plUIOfllUm JLtlVlty giVeii J SCI Of SO11 SJinpk dJtJ T h C  

I D  D McCrackrn and W S Dorn Numzricd Merhods and 
FORTRAN RogrJmming John Wiley and Stins  in^ New York 
1964 p 262 

K FI' I cv- 10 

a n + b Z r t  = Cd, 

~ i i d  t t i r  h 

\IIH I qu.iiioti ( I )  heLoiiic\ tiicJiiinyliil t i 1  r l i  II IIIC 
CotistJtiis ~ J V L  b ~ c i i  dclcrtiiincd I ion1 ~IIL t J r i o i i s  sutiimdtic 11s 
Jtid product\ r i f  tlic soil s.tiiiplc d~13 tqu.tiion ( I ) e m  be 
iiscd to project plutoniuiii activitv tn siinnlv miiputine [tic 
di3iJncc to correspond lo sonic vd~uc d LtncJr lunctions 
tiowcver do not reJdily exprcss soil umple rcsults Thcrc 
lorc nidny possible equdtions including ncinlinc.tr lunctions 
which drc solvable by the least squarcs niethod wcrc tested 

TJblc 7 2 eivcs thc equations which wcrc proerdmmcd 3nd 
used in a digital computer to curve fit soil sample ddra The 
results wcrc immediate Four hvpcrbolic cqudtions (tliosc 
equations indicated by an asterisk) were selcctcd bv the 
coniputer t o  hc thc most effective equations B I evdludling 
dtscrcte sets of data hyperboliL equations were rr idily 
dcrivcd for thc dispersion of  plutonium in soil S oC 
sod sample data were obtaincd bv dividing the soil umple 

21 



M J ~  sectors wcrc  n i d c  h\ iirtLinJttnc Iiiics .II tlic b irrcl 
storacc arcd thcn c.rtendiiic tl ic ltncs dcross tlic tJcc I ) [  t l ic  

tlldp Tlic S I N  ol a scLtor W J S  nidc I(I Jep~~ i t l  upon 11ic 

dispcrsion 01 the points atid to niorc or t c s  ~ o l l o w  I \pcctfti 
dircction L g S c c t o r  I IS the  northerti scctor I 1  tl ic 
nunibcr ol points in J sec tor  wcrc too nutiicrotts o r  tlic t h t  I 

too poor t o  succcssfullv dctcrrntne a wtirhhlc  LqiiJtttw 
then  t h c  s c c t o r  WJS subdividcd into two p m s  and J scLoiid 

at tempt  at curve lttting the  d ~ t a  was n i d c  T h e  hypcrbolic 
equat ions  used to construct  the isodose ci)ntour lines 
shown in Figure 7 2 arc sutnniarved in Tdhlc 7 7 

~~ ~~~~ ~~ 

Table 7 2 Equations Programmed to Evaluate Soil Sample Data 

I unct ion Tvpe 

* t h e  mort effective equations 

linear 

paraholiL 

pJrJbdtc 

p r a h o l i i  

~ l l h i ~ a l  pJrJhcillt 

L U h i C  

quariic 

qudriiL 

Iii$Jrithnl IL 

IiicJrithmiL 

iiivrrw loedri ihmi& 

c .( ponent irl 

cx ponrnt  14 

rxponrnttal 

exponent la1 

exponrntwl 

rx ponent ul 

exponential 

hyperbolic 

h y prrbloic 

h y perbol IC 

hyperbolic 

hyper h l i c  

h y per bo1 ic 

h y perbolic 

h y perbnlic 
- 

H r w l l r  

poor 

p ~ i o r  

rejet tcd 

pcmr 

poiir 

rc jer t rd  

poor 

r, it C I  L d 

pwir 

poor 

poor 

pimr 

poor 

poor 

pour 

possible 

possible 

p i ~ i i i b l r  

posllhlr 

usahlr 

uwb l r  

u u h i e  

uwhle 

poor 

rejected 

poor 

poor 

L 

15 citlicr 1 2 3 o r  4 Tlic v ~ l i i ~  of h is ~ J I J  oriented t o  
Cne the he>t r c c t i l t ~  For C\JI11pk ti >ti11 samplcs uhtch Irr 
ldkcn ncJr  tht hdrrcl 5 t o r J c L  Jrc I sliow Iiich concentr  i t i o i i b  

ot plutonium .tnd t h  conecntrdtions diminish r a p i d h  nit11 
sod sdmplcs t A c n  lurther J W J Y  Iron1 rhc h irrcl stclrJcc JrcJ 
llien the  dtspcrston ot plutonium can best be  evpresscd b L  
h = 3 or k = 4 On tl ic oil icr  hdnd I I  the concentration 
ditiiintshcs slowl\ Jnd I) considcrdblc SJV JI I W O  hilotncrer5 
I ro i l i  thc bJrrct stiirdgc j r c j  tlicn I. = I o r  h = 2 ptvcs tlir 

hcst vdlues 01 d Findllv 11 thc dosage IS so instpiilic.mt 
that d docs not Jppcar to increase o r  dccrease over J givcn 
radial distance r then k = 1 

Tabla 7 3 Plutonium Activity d as a Function of the Radul Distance 
r from the Barrel Srorrga Araa por Sctor of the Contour 
Map of Rocky Flats 

NO of Cenr r r l  I h r c ~ t i o n  

Points nf t h r  Sector 1 ynction 5ector - 
I A  
I H  
2 %  
2u 
J A  
3 II 
J \  

J I i  
7 

h 4  

h Ii 

H 
v 

in 
I I  
12 

5 

7 

1 2  
7 

I 7  
I S  
I 5  

I I  
I I  

h 

I t  
9 

1- 
8 
1 

I J  

Considerable effort was spent in determining the  value of h 
and hence the hyperbolic equdtion to use for each sector 
of the mdp This is due to the t d c t  thdt soil sample d ~ t a  
die complicated and difficult to evaluate In all CdSeS 

~ a l c u l a t e d  valucs ot d were compared to the actual sod 
s imple  results BL assuming that high concentrations of 
plutonium arc limited to 3 l o c a l i ~ c d  reglon and that the 
dispersion of plutonium in soil diminishes with greater dls 
tances from the barrel storage area it was possible to select 
the valuc of  k based upon the nature of the data  T h e  
activity of  the barrel storage area which was estimated 10 b e  
about 3 7 X 10' mCi/km' was also used as a 3o int  source to 
determine k 
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e How the Effectiveness of the Curve Fitting Method 
Was Estimated 

TIIL JdditioiiJl soil uinplcs pro\idLd b\ TIIL Ktrclr\ f - I  I I \  

l i c d t h  PIivucs DcpJrtnicni wcrc uscd I ( I  c~IiiiiJIc  I ~ I L  

clfcctivencss ot rlic curvc rlttlnc iiiethod This WJS donr 
bv coiiipmng prolcctcd valuct of d i m  to tlrc JL~UJI soil 
u i i ipk  analvscs TJbk  7 4 p x  thc results l o r  all 18 
uniplcs I t  c m  bc secn that some of the Iarccr doses wcrc 
undcrestitnatcd by thc model uscd prcviouslv whilc ~t 

Table 7 4 

Hap 
Site No - 
B 107 
D 1 1 5  
Dl IC 

BI I O  

u 108 

5109  
B I O S  
BI 17 
U-106 
B 126 

E118 
5 1 2 1  
U I I 4  

B l W  
u 12q 

I & I I 2  
R 124 
8 1 2 7  
8 1 2 8  
u-I l l  
E l 2 9  
El 30 

8131  
8 1 3 2  
El 3 3  
E 1 3 8  

ni 13 

n 120 

ni 34 

B 136 

B 137 
&I 35  
5 1 2 3  
0 1 1 9  
B 102 
5 1 0 3  
B 122 
B I O I  

The Comparison of Pro lctd  Plutonium Acttviry to 
Actual Soil Sample Results 

Dose in 
rnCilhm 

1397  2 
772  2 
564 8 
414 4 

369 4 

324  4 

262  4 
252  9 

212 0 
1 9 9 4  
1 2 7  n 
1120 
103 0 
7 6  0 
7 3  n 
5 6  7 
5s  R 
54 9 

4 9  0 
4 5  0 
12 n 
26  I 
21  6 

I I  7 
I I  4 

I I  1 

I I  0 
I O  9 
I O  8 
I O  8 
10 8 
I O  7 

8 6  
7 6  
1 2  
5 8  
3 6  

3 2  

Rorected 
v due  

76V 8 

406 5 
394  9 

418 8 
769  8 

36a 4 

341 9 

244 3 
4 2 8  I 

61 2 
201  9 

132 7 
100 c 
229  5 

12 2 
5 0  7 

1 0 0 4  

I 9 2  0 
4V 5 
61 2 
69  0 

6 4  

72 8 
27 8 
28 9 

30 2 
30 9 

46 0 
31 8 
26  3 
25 9 
26  8 
53 2 
81 5 

5 4  
8 8  

42 4 
3 4  

k mor - 
-627 4 
-365 7 
-169 9 

4 4  

400 4 

44 0 
79 5 
- 8  6 

216 I 

-138 2 
74 I 

220 7 
- 2  5 

I S 1  5 
hl h 

b O  
44 h 

137 I 

0 5  

Ih 2 
36 2 

-19 7 
5 1  2 
16 I 

17 5 
19 I 
I 9  9 

3s I 
2 1  0 
I S  5 
I S  I 
16 I 
44 6 

13 9 

- I  8 
3 0  

38 8 
0 2  

Value Uvnp 
the Present 
C I J I l l O U r S  

I050 
546 

362 
3 no 
703 

3 38 
I81 
22 1 

242 
5h 

92 

30 I 
8 9  

514 
4 1  

65 

94 

,547 

tn  
6 2  

56 

27 
63 
14 
14 

I4 

I S  

38 
18 
27 
26 
2 1  
22 
3 2  

8 
9 

18 
8 

In evaludtine; all of the soil ample data which follow 
TJble 7 6 a n  attempt to simulate the natural conditions 
which spredd plutonium in soil was not made Wind dtrec 
tion and velocitv were not considered neither were natural 
washes in the !oothtlls whtch ddutc or accumulate plutonium 
concentrations The source of plutonium in the sod was 
assumed strictlv to be the barrel storage area Other sources 
such as stJck eitluent world wide plutonium fallout and 
the Scptember I I 1957 fire were not considered 

How Quantities of Plutonium were Determined 

The quantitv 01 plutonium between two levels of plutonium 
xtivitv was determined inregrJting the arca bctween 
the two lcvcls The lcvcls wcrc drawn by first sclccting a 
specific activttv tor each level with one level being closer 
I O  the bJrrel stotqc area than the other Figure 7 3 shows 
the two levels tor anv scctor ol the soil umplc map o'  
RocLv F l ~ t s  The elenienr of area d A  between r l  J I S  

thc m a  to be intccrJtcd Regarding the element of J r e d  

d A  JS J rectanp1L its JrcJ udl be the product o f  a pair ot 

Figure 7 3 The Element of Area dA in Polar Coordinates. 

Based on model using data obtained earlier 

*.This model uses the additional sod wrnple data along mth that 
obtained earlier 



dA = r d r d 3  ( 1  

x =L a fr;2 r d r d 9  

The JrcJ A will hc iii UII~IF ( 1 1  kin 

To determine tlic quantity of plutonium ovcr the Jrca A 
tlic intcerind d LquJiion (4 )  IS modiltcd to c o i i t m  tlic 
Iivperbolic. iunciion ~ . I i i ~ l i  ptbcs dosc JS J tunction ut r3dt.d 
distance r I t  is stated JS 

f ( r ,  ? ) r d r d $ ,  ( ’)  =Le L.r2 1 

wherc Q = the quJntit) ot Pi1 230 in millicurtcs Usiiic 

tlic ~ctual h\ pcrholic cquiion tqudiion ( 5  1 heeo1iic.c 

Q =L5j r2  ( a  -L ->) b r d r d :  
r‘ rl 

The integration w3s extended to determine the quantitv ol 
plutonium inside and outside thc boundary ol Rock\ Fhis 
Thesc calculdtions givc the burden tit plutonium in soil on 
public and privdte propertv Figure 7-4 shows a sccior bcinp 
divided b\ the boundary 

The area inside the boundarv was determined by subtracting 
the area ot the shaded tridngle froni the element 01 ared 
dA The tnangle was formed by siriking an arc at the 
junction of the boundarv and one side of the Sector 

Programmed for the digital computer 

RFP-lhV- 10 

rda - 

r 

I A 
I/ \ 

1 t Rocky Flats Boundarv 

L ( b a r r e l  storage area) 

Figure 4 The Element of Area dA Dividd by the Boundary of 
Rocky Flats 

The arcJ ot tlie shaded triangle WJS detcrniincd from the 
c~lculus Tlic fdrmulJ is 

r d r d  E! 

wherc 4, = I I I C  m a  in Lni- 
R = the iunciion rddius in kilonietcrs 
Y = the perpendicular distance of the R -ky 

Flats boundary in kilometers trom tnc 
bJrrcl storrlw area 

Bv modifving Equation (7) the quantitv of plutonium in 
the shdded trimgle is determined by 
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Yow Probable Error was Computed 

d = a + ~ .  b 

Table 5 Qurnt inr  ot Piutontum 239 Per Contour Ern of the 
Rocky Fiats Boundmy 

4c t IV l tY  239 Yu 
in mCi/km' in Grams 

2000 IO00 
1000-400 
400J50 
350100 
I o 0 5 0  
5020 
2 0 1  3 

0 29 
1 2 s  
0 32 
3 10 
I 2 6  
104 
0 34 

Area 
in km' 

0 02 
0 13 
0 . 5  
I 06 
I 09 
I 90 
I 3 0  

- 

From tlic dcltninc cquJtion l o r  probable error itic sr.indJrd 
dcvlJtion S, of  [tic constant J 15 dctcrrnrncd by 

s, = 

X 

r n 7" 

n - 2  

Here r, and d, for I = I , ?  
in the set of data 

n data points are the data points 

- 
2 A  ( 8  Worthing and 1 Ceffner Treatment o l  l-xperimental Data 

8th ed John Wiiey and Sons Jnc Neu York 1959 p 249 

- ' Programmed (or #he drgicd compucer 

2s 



H c r c  s (01 I S  tlic vdridncc in tlic qudntirv 0 1  plutonium 
T h c  pdr t id  dcrivJiivc tcriiis (aQ/aa) aiid ( a Q / a b )  arc  solvcll 
bv tJhing t h c  pJ r t id  derivJiivcs ot 

I I 

which  I S  rhc  expression lor  the quantity ol plutonium in J 
given sector of the soil saiiiplc map By  the s m i e  tohen 
the  var i JnCc  Sz (Q,) in O1 [tic quJntity ol plutoniuiii in J 

described t r idndc  is givcn by 

S2 ( Q t  1 

R 
+ a i  rdr] d: 

'cos0 

Fina l lv  the standard dcviation S for  some totd quant i ty  of 
plutonium c 6 the total quantity of plutonium outside t h e  
R o c h y  F l a t s  boundary is determined by  combining t h c  

RFP-INV-I 0 

- S 2 ( Q t )  - * e *  

ThC cdlciilalions tor probdhk t r i o r  WL\ thc rcsult Q f 9 l o r  
quantitics of plutonium This means t h ~ t  insidc the Rod.\ 
Fldts bounddrv thcre drc 6 f 0 4 grams ot plutonium 1 W  
T h e  burdcn ot plutoniuni ouisidc the Rocky  Flats boundary 
(vi public .tnd privatc propertv is 7 6 2 I H grams The total 
1 0  be c x p c c t e d  is 14 3 f 2 0 grams ot plutoiiiuiii 139 

T h e  m a t h e m ~ r i c a l  methods uscd to determine probJblc 
crror arc bdsed cntirclv on thc soil sample ~ J I J  No at i c -31  
H ~ S  inddc to consoliddte the svstcmatic errors to b c  CY 

pcctcd Ircini rhe rddiochem~cdI a n ~ l v s i s  01 thc sod nor rhc 
error tnvolvcd in dctermining the general iocdtior f edch sod 
u m p l e  f rom t h c  barrel storace area F o r  thc  calculations 
for probablc crror thc soil sample data werc assumed to be 
unbidsed Jnd to lollow a normal distribution about somc 
mean 

Specific Activity, Density of Soil, and Conversion 
Factors 

Thc spccilic Jctivitv ot d n \  rJdlOdeliVC isotope is dctincd 
JS g A wlicrc g is tlic numtwr ot JLtivc nudc i  per unif 
WClgilt ol t h c  isotope and X is the decay constdnt T h c  
d c c w  c u m r a n  t is givcn b) h93/T wherc T is the a particle 
ha l f  life ot the isotope F o r  plutoniuni 239 the specific 
activity is calculated to be 

SP Act,,, g*X 

P [ 6 . 0 2 ~ 1 0 ~ ~ ~ ~ ; /  
239.052 

L J 

.693 Yr 
2.436~10' yrs 3.156~10' sec 

- 
Rqrrrnmed for rhc digital computer 

dis . 
= 2.270~10' 

gm sec 
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e 

85 gins ] Act = 
380x400 ft2 

3 mCi 

Quantitics of plutontuni 2 79 in iiiillicurics c d n  bc convcrtcd 
to quamites in grams by thc rchtionship I gram = 01 35 
millicuries This IS determined by 

3 2.27x109dis 
gm sec SP Act,,, = 

J mCi 
3 7x107 dis/sec 

= 61.35 mCi/gm Pu-239 

Measured conccntrations ot plutonium in soil die given in 
units of d’m/g dry soil or disintegrations per minute pcr grdm 
of dry sod To convert from d/m/g dry soil to units of  
actwitv per arca or to millicuries per square kilometcr 
the density of the sod and thc depth of the soil sample must 
be considered The relationship IS 

or 

I d/m/g = 4 . 5  ph mCl/lan2 

T<I Lonkcri tliL w i l  satiipi Jndlvses The R d v  FIdts 
Hcaltli Pllvsics Drpartmeni used 3 density o f  I gml em’ 
and .I wil samplc dcpth ot I centunetcr The additional 
soil samples obtained in December of 1970 were actudiy 
u k c n  to a depth 01 I centimeter Prcvious soil samples 
however were taken to depths ranyng from 3 to 5 centi 
meters Thesc umples were obtained between August of 
1969 and June of 1970  

The Colorado Committee on Environmental Information 
used a density of 1 gm/crn’ and a soil sample dcpth of I 
centmeter  Their soil samples were also taken to 3 depth 
of I centimeter but m August o f  1969 

Finally The Health and Safety Laboratory USAEC used a 
dcnsity of‘ I 2 gni/cm’ down to J depth 01 I5 centimctcrs 
and .I dcnsity oi 1 4  gmlcm’ below 15 centimeters For 
the most part the sad samples were taken to a depth of 
20 ccntirnctcrs 
thc c l i Jngs  in soil wmplc dcptli Thc wii umplcs wcrc 
obtaincd UI February of 1970 

Appropnatc calculations werc made for 

The accuniulation o f  plutoniuni is affected by its vertical 
distribution in sod For the purposc o f  converting data 
in this study and exccpt ior thc HASL soil samples the 
dispcrnon o f  plutonium Y ~ S  assurncd to be within the first 
ccntimetcr o f  topsoil 

To deinonstratc ihc trace qUdntiIiCS of plutonium that arc 
associated with the lcvcls 01 activitb uscd in the studv thc 
lcvcls 01 Jctivitv wcrc conbcrtcd to grJms 01 plutonium 
using tlic specilic activitv IN plutonium 239 a soil sample 
dcnsity of I giii/crn’ and a soil sample depth of 1 centi 
meter Thc  results are givcn in Tdble 7 6 

Tablo 6 Acarr(v n Grum d flutonmum 239 

mcifim’ 

2000 
IO00 
400 
3 50 
100 

50 
20  

d/m/g dry mi Pu 239/sram 

444 4 3 26X 
222 2 I 6 3 X  

8a 9 6 54X 
11 8 5 72X 
22 2 I 6 3 X  
I t  I 8 16X 
4 4  3 24X 

if d n  SOII 

0 ’  
0 ’  

0 I o  

0 ’  
0 ”  
0 ”  

0 

3P w b e y  and F- P Hardy Plutonium in Soil Around The R o c k y  
Flats Rant H A S L  23s The Hallh and Safety Laboratory 
USA= New York I Auyr t  I970 
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Soil Sample Data 

( 2 5  
( 2h The RocL.1 Fhts tie.dtli Phvstcs Results 01 Soil Smples 

T A n  Aueu~t I909 June 1970 on AronirL kncrgv ( 27 
Cotnrntssion Propertv c 28 

(3 29 

hldn SIIL 
I’u A c t i v i t y  
in mC i lhm 

( I  
( e  2 
c3 
c 4  
(, 5 

( 6  
c 7  
c 9  
G 10 
c I I  
G I 2  
C I3 
( 14 
c I S  

c 18 
G 19 
C 2 0  

20 7 
33 3 

2 1  
I J  I 
I7  6 

270 9 

9 0  

2 7  
18 0 
9 5  

5 0  
I4 9 

J73  5 
2128 5 

5 4  
35 I 

I J77  0 

C JO Pu ACIIVIIY in 
d/m& I)ry \ id ( J I  

C J 2  
4 6  
7 4  
0 6  
2 9  

J Y  

60 2 
2 0  
0 6  
4 0  
2 1  
I 1  
3 J  

8 J  0 
473  0 

1 2  
7 8  

J06  0 

c, 33 
G J4 
c 35 
(, J6 

( 37 
C, J R  
n 18 
R 19 

n 20 
u 21  
B 22 
B 2 J  
U 24 
B JO 
B 32 
B 3 3  
H 34 

1431 (1 

4 8  h 

J9t1 0 

O J  

3 1  

J 9  6 
I I7 0 

7 2  
8 6  

26 I 
10 8 
9 0  
9 0  
5 9  

J 2  
0 9  

6 3  

6 3  

I O  4 
I J  
6 3  

6 8  

b 8  
5 4  
5 4  

69 8 
16 7 

I180 

10 x 
88 0 

I 4  

I b  
8 8  

2 6  0 
I 6  
1 9  
5 8  
2 4  
2 0  
2 0  
1 3  
0 7  
0 2  
1 4  
1 4  

L -  

0 3  
1 4  
I S  
I S  
1 2  

1 2  
I S  5 

J 7  

The Roch\ Flats Health Phvsics Re sults 01 Soil Smplcs  
Taken August 1969 June 1970 on Public and PrivJre 
Propern uithtn J SIX Mile Radius of the Rockv FlJts 
Plant 

M rp $ 1 1  

I’ll ?c lIvIty 

in mCi/krn2 

13 I 

0 2  
B J  
8 4  

8 6  
0 7  
I38 

D 9  
11 10 
B 1 2  
D I3 
E 1 4  
0 I S  
6-16 
E17 
B 2 5  
6-26 
E 2 7  
5 2 8  
5 2 9  
5 3 5  

B-36 

J 8  
I I  
4 5  
4 3  
2 3  
4 1  

0 5  
5 0  
1 8  
9 0  

1 8  
0 5  

I 1  7 
4 3  

27 9 
2 3  
9 5  

I I  3 
5 4  
5 0  
2 3  
o s  

Pu A c r i v i l \  in 

dlmip I h v  hltl 

0 8  
0 2  
1 0  
0 6  
0 5  
0 9  
0 1  
1 1  
0 4  
2 0  
0 4  
0 1  
2 6  
I O  
6 2  
0 5  
2 1  
2 5  
1 2  
1 1  
o s  
0 1  

B 37 
B 38 
B 3 9  

It 4 I 
S 4 2  

R 44  
4 s  

n 4 0  

n 4 3  

n 4 6  
n 4 7  
8 4  8 
B-49 
B 50 
n 5 1  
B 52 
B 53 
B 54 
B 55  
0-56 
5 5 7  
B 58 
B 59 
5 6 0  
B 61 
5 6 2  
B 6 4  
5 6 5  
566 
B 67 
a 6 8  
5 7  I 
B 79 

3 2  
3 6  
8 1  
J 6  
O S  
4 1  

9 9  

2 7  
I ?  2 
0 5  
5 4  
3 6  
5 9  
J 6  
9 5  

17 6 
6 J  
3 2  
3 6  

37 8 
4 1  

20 7 
3 6  
5 0  
9 0  

20 7 
14 9 

S O  
5 9  
6 8  
6 3  
4 1  
0 9  

0 7  
0 8  
1 8  
0 8  
0 1  
0 9  
2 2  
O h  
7 1  

0 1  
I 2  
O n  
I 1  

0 8  
2 1  
3 9  
1 4  
0 7  
0 8  
8 4  
0 9  
4 6  

0 8  
I I  
2 0  
4 6  

3 3  
I 1  
1 3  
I 5  
1 4  
0 9  
0 2  
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I’ll 4 C 1 1 V l t )  

M J ~  Sire in r C i / k m  

E107 
B I I <  
& I  16 
B 110 
B 108 
B 109 
8105. 
B 117 
& l o b  
&I 26 
8113 
E116 
R 121 
n 114 

B lo., 

1397 2 
772 2 
564 8 
414 4 
36Y 4 

324 4 
262 4 
252 9 
212 0 
199 4 

127 8 
I12  0 
103 0 

16 0 
1 3  8 

310 5 
171 0 

125 5 
92 I 
02 I 

72 I 
5 8  3 
56 2 
4 7  I 
44 J 
28 4 
24 9 

22 9 
Ib 9 

1 6 4  

USE 

5 I _  

I (  I ( I  

I 1  11: 

I L  1 2 4  

II 127 
I3 12n 
1% I l l  

il 12Y 

R 131 
u 132 
R 133 

n 130 

B 138 
U 134 
U IJ6  
ti 137 
B I 3 5  
t) 123 
81 I V  

B 1 2 1  
R 101 

n 1 0 3  

c ,  - 
U 

c 5  0 

5 4  0 
4 >  ( I  

J ’  n 
? b  1 

2 1  6 
11 7 
I 1  4 
I I  I 
I I  0 
10 9 
10 8 
IO 8 

t o n  
10 7 
8 6  
7 6  
7 2  
3 6  

3 2  
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1 I, 

I 4  

I :  2 
I O  Y 

I O  0 

7 3  
5 8  
4 8  
2 6  
2 5  
2 5  
2 4  

2 4  
2 4  
2 4  
2 4  
2 4  
1 9  
I 7  
I b  

0 8  
0 7  

The Color3do Committee on EnvironmentdI Inlormar ion 
Results of Soil Sdniplcs Taken in August of 1960 on Public 
and Pnvate Property within a Seven Mlle Rddius of The 
RocLv Flats Phnt 

Map Site 
I’u Ac i t v i t y  

in m( i / km 

h 
I\ 
< 
1’) 
t 
I 
c 
t I  
I 
J 
h 
L 
M 
U 
V 
H 
X 
Y 

5 x  
(,I) n 

0 4  

0 0  

I J  
I 3  
I 4  

0 6  
7 7  

5 2  

4 0  
o s  
1 7  
I S  

2 4  
0 2  
0 8  

1 9  

I’u Activity in 

d/rn/r t h y  5011 

I 1  

I ) (  
0 1  

0 1  

O J  
0 3  

O J  
0 1  
1 7  

1 2  
0 9  

0 1  
0 4  
O J  
o s  

<o I 
0 2  

0 4  

The USAFC Health and Satetv Ldboratorv Rcsults of Sod 
Samplcs Tdken in February ol 1970 on Public and Private 
Property within a Seven Mile Radius of the Rocky Flats Plant 

Hap site 
I’u Accrvirv 
in mCi/km’ 

2 4  
3 1  

4 2  

I I  a 
15 0 

I950 0 
4 8 0  0 
630 0 

2 6  
5 4  

1 7  0 
50 0 
I 7  0 
18 0 
I 4  0 
2 0  
8 0  
2 7  

Pu Activity in 

dlmlg Dry Soil 

<o 1 
<o I 
<o I 

0 I 
0 1  

16 0 
3 2  

< o  I 
<o 1 

2 1  
0 6  

\ o  I 
0 1  
0 1  

<o I 

<o I 

<o 1 

- 

’ SamPlCS taken on Atomic Lnergy Lommirrion Property 
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8 CURRENT RADIATION LEVELS IN THE 
OIL STORAGE AREA 

A cross gJrnniJ survc\ u 3 s  pcrloriiicd oii ilic cniirc wrtJLL 
ot the dsphdt pad Data troni this survev were convcrtcd 
lroni relatnc radiation intensities into integers and trans 
posed to 3 graphic scale tor evaluation Based on the  result^ 
obtained bb the gamma surveb tour areas were selected lor 
excavation s o i l  sampling and andlysir 01 thc samples l o r  
radioactive contaminants 

For thc  y r3\ niapptng tour 4 inch hv 2 inch Nal(T1) dc 
tcctors ~ r r a n g e d  in a horiroiitdl arrd). on 18 inch ceniers 
were suspended froni thc r L x  of d n  IHC Scout Wtili 
detector faces approximately 3 inches trom the ground the 
detector output wds monitored and recorded via a ratemeter 
strip chart recordcr and the vehicle traveled J I  J slow and 
Lonstant speed The entire P3d was scanned in 6 loot 
increments w i t h  J c) to 10 inch ovcrlap o n  C J L I I  P J S ~  

The strip chart recordLr dJtJ were rcduccd bv dividing the 
relative re3dings into intcfers Irom onc to twentv tive and 
transposing these intcfcrs i o  d s ~ d l c  frdpli Thc rLIJtivc 

gross gamma protile thus obidined is shown iii  Figure 8 I 
The nuinhcrs represent ani\ the relative g.initiia rJy redings 
at the pdd urtdce  Edch integer incretiiLiit on thc ligurc 
represents 3 Lhdnge iii Lounting rJte 01 I io 2' 
the figure several highh IocJlifed . m a s  (sliowii it1 red) were 
found which showcd y reJdings signtlicantl\ shove thc 
general b ~ ~ k c r o u r i d  THO 01 !licsc IJbclLd I7 2 I ~ i i d  

25 in I-isxre X 1 were J L L I ~ ~ L ~  J I U I  spots 1h31 15 

showed J L I I \ I I V  levels > IS( dbovc the pcnerJl bdckground 
Another si-mlicant teaiurc 0 1  rht prolilc I S  i h t  I J r C t  JreJs 
01 siniil.ir ~ , i \ i t v  Icvcl\ m t r  thc ciiiire p.td 

As scii In 

Additional verification oi these gamn1.1 dctivitv lcvcls 
was provided bv a surveb  perlormed bv I' ti Dodd Jnd 
R F Droullard ot the A t C  s Geophysicd Brdnch trom 
the Grand Junction Office Urdving gammd rdv analy 
sis equipment in a mobde lrboratory dcsigned tor 
uranium ore evaluation and modified for soil monitoring 
this surve\ made measurements at the hot spots 31 other 
locations on the pad of1 thc pad dnd north Jcross the 
street The measurements indicaied 3ct1vity levels at the 
hot spots to be at  least twice those elsewhere on the pad or 
off the pad Attempts to identitv the source ot the anoma 
lies were partly successful Ratios of two gamma ray energy 
ranges ( I 00 to  2 80 MeV and 0 600 to I 00 MeV) were 
measured at several sites The results showed J ratio lower 
by a factor of approximately 2 at the hot spots This is 

interpreted to mean a slightly higher concentration of either 
239Pu o r  2 3 5  U I S  contributing a higher percentage of low 
energy gamma rays t o  the natural actn  ity levels 

Table 8 1 Lab Analyses of lest Hole Samples 

??VJ  

70b5 
blll) 1 

hZOJ 
7 334 
78SO 
7791 
H242 
7056 

7520 
7450 
7162 

7105 
7978 
7750 
7585 
736'4 
70'17 

'677 
7J2 1 

hYJ'1 
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I1 h 

0 1  

?&I 

I 7  
42 
4J 
JI 
41 

J4 
26 
J5 
20 

0 8  
18 
'6 

I O  
6 
5 
7 
3 
3 

:o 01 0 04) 
(0 01 0 O h  

0 12 1 9 3  

' 0 0 7  I 1  
0 I S  J I  
0 15 3 8  
0 14 J 2  
0 14 3 4  

0 I I  - 4  
0 08 I 9  

0 15 ? b  

0 OY I 4  

-25 h g  

co 01 
0 07 
0 IO 
0 04 
0 02 
0 01 
0 02 

co 01 
co 01 

0 06 
I 4  
2 0  
0 8  
0 4  
O J  
0 5  

0 2  
0 2  

-6 kg 
- 

To qudntitdtivclv evaluate the measurements taken on the 
pad similar gross gJmmd readings were taken at the pdd 
and at several other site locations For these a singe 
4 inch by 2 inch Nal(T1) crystal was placed on the surtace 
dnd the counts recorded on a scaler timer unit The new 
parking lot east of I 1  1 Building the 750 Building parking 
lot and the asphalt in front o f  the 881 guard post gave 
similar readings ot 13 000 to 16 000 counts per minute 
Furthermore the dsphalt in all areas including the pad 
counted 25 to 30% higher than nearby shoulder or 
gravel areas Pad readings were in the range of IS 000 to 
16 (IO0 counts per minute with the exception of areas near 



JSP11311 JTLJS TllJt Illc J\pllJll JppcJrS 1 0  bl 2 y  lu, 
Iiottrr t h n  ncdrbv grJvcl surfdccs mav be due to J 

conccntrdtion 01 nJturJl urdniuni m d / w  its dJughtcrs 
which occurs during thc Jsphalt productioii p r o ~ c s s  I t  is 

known that the tront rangc shows J high naturd urJniuni 
content in the soil Also it is noteworthy t h J t  hifhwdvs 
offsite in this area show 7 rdy reddings similar to those 
found on site Thus with the exception of the hot 
spots ' o n  the pad i t  appears that a sensitive meawrcment 
of the asphalt thickness may hrvc been pertormed 

Following the y ray mapping the two hot spots were 
7 ray pulse height analyzed in an effort to determine 
whether o r  not the activity detected was emanating from 
2 3 9 P u  o r  ndturaVenrtched uranium These efforts were 
unsuccessful I f  plutoniuiii or urdnium were spillcd on the 
original ground Liver the y rdv emissions would have to 
penetrate 6 inches to H inches of grrvel lill plus 3 inches 
to 5 inches 01 asplialt to be detected Thc low energy Pluto 
nium 7 rays are severely Jttenuated A simple experiment 
was pcrlormed to see if high-encrgy gamma rays Lould be 
used to distinguish between uraniuni and plutonium 
Spectra were taken using ( hal(Tl) detectors of  natural 
uranium enriched uraniuni m d  -5 year-old HR plutoniuiii 
sources with 4 inch and 8 inch concrete slabs interposed 
between the sources Jnd dctector The 5 yeJruld pluiv 
nium source WJS  choscn to s mutate the averdge age of 
plutoniuni rcleJsed in thc dtiim storqc Jrea There were 
no reddily dtstinpishJhlc dilfcrcnces in the spcclrJ 

a 

I t  was then decided by the Committce to e x c ~ b a i e  tour 
selected areas Areas No I4 ai d No I7 repreant the two 

hot spots labeled 17 21 Jnd 25 respcctivclv in 

Figure b 1 Hole SW an area thought to bt. a lihcly spot tor 
plutonium dnd Hole NC a possible background area 
The areas ( 2  t o  4 sq I t )  were covered with a tcnt the 
asphalt removed and holes excavated Material removed 
was placed in I gallon polyethylene bottles and sent to 

Building 88 1 Analytical Laboratories for analysis Digging 
was continued until the Nal(T1) and/or alpha monitors indi 
cated background levels The holes were refilled with new 
fill matcriJl and reseded wtth asphalt 

The results ot the wet chemical analyses are summarued in 

in Table 8 1 Holes No 14 and No I7 contained largc 

RFP-INV- IO 

imouiiis 01 dcplctc.! J r J n i L i  R~scd  upon thcsc pcrcentJgei 
wc rcniovctl Jppro\imJlcl\ 2 >  L p  ot dcplctcd u r m u i n  Iron1 

\(I I4 dnd h Le trom ho I7 A sdiiipk troni c d i  holc 
wds y r d i  scanncd u i t t i  d ( I d  Lit dctccfor and no evidence 
tor plutonium was seen Holes No SW and No NC con 
verscly s l i m e d  no uranium but did show detectable amounts 
of plutonium The total plutonium removed from holes 
No SW and No NC was estimated from five analyses and 
therefore should be considered as only an orc of magni 
tude number These values are -10 mg tor h SW and 
-100 300 pg for No NC 

In the summary the following statements can be made 
concerning the pad =we\ 

a The 7 ray mapping indeed detected areas of activity 
above background ' levels Two areas ot significant 
activity were located 

b The y mapping further showed large general patterns 
of similar activity These patterns may indicate activity 
on the old ground layer or may merely be a measure of 
the natural urdnium content and thus the thickness 
of the asphalt laycr , 

c Two of the locallzed activity areas which were excavated 
No I4 and No 17 resulted from depleted uranium This  
was further evidenced bv the presence of a very concen 
trated depleted uranium contaminated od layer at 18 tn 

and 30 in depth for holes No 17 and No 14 respec 
tivelv (Table 8 2 )  

d Analysis 01 the four test holes (Table 8 1)  showed little 
or no mixing between Pu and U Thus reasonablv rigid 
scgregdtion of barrels must have been m~intamed during 
the litetinie ot the storage Jrcd 

l 

l 

e In  no c ise WJS activit) iound to  be migrating upwards 
from the original ground level into the flll material 

f While activity in holes Lo 14 and No SW extended 
several inches into the sod (Table 8 2 )  in all four cases 
no activity was found more than 1 in into the clay 
layer Thus the clay laver which varies in depth from 
4 inches to 15 inches below the original ground level, appears 
to serve as  a natural barrier to the further vertical migra 
tion of the radioactive material 

\ 
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9 SOIL STABILIZATION 

I n  ordc I h w e  d n  JdditionJ1 tool dvditahtc during an) 
tuturc ,onraininat ion cont rot and renioval opcrations 
and to specif ically misf in niinimizing resuspension during 
the r e m o \ ~ I  ot the soll under the asphalt pad a study ol 
sod srabiluers in Rockv Flats soil was initidled 

Several rnethbds exist for stabilizing tine grained particles 
of  soil or dust which are potentidl sources ot Jir Jnd water 
pollution Soil stabilization can be  accomplished by 
physical chemical and vegetative methods or by coni 
binations thereof 

S t a b d m t i o n  by chemical and/or combined chemical and 
vegetatrve means ~ 3 n  Serve several useful purposes at Rock)  
Flats T h e  lollowing are some possible uses 

1 Immobihzation of  contaminated soil which might 
resulr trom a spill 

2 Prevention o f  contaminated soil dispersion during 
removal of the asphalt pad 

3 Enhance the establishment of permanent vegetation in 
and around Rocky Fldts 

4 Reduce soil erosion dnd subsequent properrv damdge 
bv airborne debris during periods ot Iiich vclocity 
u incls 

Evaluarior of  soil stabilizers has been in progress for 
appro\unately one year Preliminarv results' suggested 
that J 19' 3 a product commercially avddable trom 
Dowell Dn ision Dow Chemical U S A showed some 
degree of effectiveness in stabillzing the soil when applied 
at a concentration between 60 and 100 pounds per acre 
It was recommended that further evaluation of J 197 
should b e  performed 

A sumev of available 
chemicals have been evaluated by the United States 
Bureau of Vines  and others In addition io J 197 two 
sod stabduing products (Coherexa and P e n e p n m a )  cited 
in the literature are being evaluated at Rocky Flats Methods 
of application have been developed and stabdity tests have 
been undenvay for approximately 9 months ' 

showed that many 

- .  

Following preliminary evaluation of the three soil  stabdi 
zmg chemicals combined chemical and vegetative sod 

L-neral intorrndtion describirg the three soil stabdizers 
o f  interest is given in Table 9 1 Evaluition ot these 
chemicdls has been conducted in test plots of varvtng 
sizes all within the general ~ i C i i i i t y  of the asphalt pad 
(903 btorage area) Figures 9 I and 9 1, show the location 
ot six plots utilized to develop application methods and to 
evaluate the stabilizing qualities of each chemical These 
plois were established between October and December IT" 

Tablo 91 Ganral Information On T h r n  Soil Stabilizing Chmniulr 

General Description 
or Product Roduci Name 

Coherer@ Cdden Bear Division Non volatde emulsion 

M m u  fac turer 

Witco ChcmirJ C o consisting of 60% semi 
liquid natural petroleurn 
products and 409i weitmg 

a g t n  is  

J 1973 Dowell Division Poly acrvlamidc a 
now t hemicai U S A plrstiL material similar 

to surlJctint chemic ilt 

and thickening agrnlc 
contains 1'7 biolet d \ ~  lor 
marking purposes 

I rnrprime I nipire I'elriblrum L 1 1  Asphalt  d r r t v l r i v r  I I ~  

petroleum crude h o t t o m s  

J 197 was applied at concentrations varving from I7 io 
75 pounds per acre (test plots I 2 3 ,  and 6) A ater 
solution of Coherex was applied to test plot numDer 4 
( I part Coherex to 4 parts water) dt a concentration o f  
0 5 gallons per square yard Test plot number 5 was 
stabilized with Peneprine ( I gallon per square vard) 

To gain more experience on the feasibility of  stabduing 
large areas of sod with varying surface features a plot 
(number 6 )  about 0 9 acre in SKC was stabillzed Surface 
features included coarse gravel fine sod and grassy areas 
A total of 7 500 gallons of J 197 solution was applied wtth 
a portable pump and fire hose The concentration of 
J-t 97 powder was 70 pounds per acre 
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Plot No 2 

Asphalt Pad 

Code 

Wernerirc Mineral Sires 
1 coo59 
2 0059 0234 
3 0234 25 
4 > 0 2 5  

- 

I 

Ftwtr 9-1 SotCStabtlizrtton Test Plot Locattons. 

Test plot number 6 surrounds J H e d l t h  Phvsics J i r  uiiiplcr 

(number S - h )  This air wniplcr has consistentl\ indicJted 
relativcl\ hichcr amounts 0 1  Jirhoriic rdiodctivc coritJiiii 

n m t s  when compared to othcr dir wmplers louted dlonc 
the easi perimeter fence Therefore data from this dir 

sampler mieht be used to evalu~te the ctfectivcness 01 
J 197 on this test plot 

Criteria lor evaluation of edCh rhcniical u)il stabililer 
consisted 01 

I Ease of solution preparation and distrlbutiori 

2 Visual observation 

3 Depth of penetration 

4 Ability to prevent particle dispersion (test plots 
2 3 and 4) 

5 Effectiveness on various toil  types (coarse grdvel 
to fine s o i l )  

/' U 
ICcnrral Ave J 

T I 
Figure 9 2 Soil Stabilization T a t  Plot Locations 

7 Ecologicdl dnd Jcsthetic considcrauons 

8 Elfect on estdblished vegetation 

9 Evdluation o f  air samplc data (test plot number 
h only) 

Evaluation of particle dispersion prevention (criteria 
number 3 )  was conducted by using an underlay of white 
sand (test plot number 2 )  which could be visually observed 
Wernerite a fluorescent mineral was used as an underlay 
on test plot numbers 3 and 4 I t  was also used on the 
common edges 01 the intcrvening control plot Four 
different particle sacs were used Erosion of this mineral 
was followed by observation with the aid o f  ultraviolet 
light 
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iciir.mcd i n  p h c c  ~~i i i icwli  i t  I~iiicci t l i  i i i  I IIL \ iiid (111 

thc adlacLnt uii\tabili/cd ccintrtil plot III)HL\LI ~ I i c  

\tabiltrcd uiid did d i ~ ~ i p ~ t c  uitliiii fuii i i i o i i t l i \  TIIL 
method of  ~pp l i~dt io i i  mu totd coiiccnirJtioii ( 17 pou i id~  
0 1  J 1c)71acrc t 0 1  stabilt/cr appliccl u is IJr Ircini optiiiiuiii 

Tlic J 197 u a s  applicd iiianudllv which u o u n t s  l o r  tlic 
low coiiccntration Bclorrr furthcr work WJS  ccindiictcd a 
method ot spraying the J 197 solution w~sdcvclopcd 
This mcthod employs 3 portdblc punip lirc liosc ~ i i d  
Jdlustable n o d e  to distribute tlic si)lulion (SCL t icurcs 
9 3 and 9 3 )  

Evaluation ol test plots nunibcr 3 dnd 4 indicdles that both 
J 197 and Coherex have bcen ldirly succcsstul i n  retdining 
tlic fluoreucnt miiicral Tlic niiiicral on thcsc plot9 W J S  

cxaniined on Mdrcli 30 1971 (using ultrdvtolct  11piit) 
After 4 7  months ol exposure to  he high w~rids J I I ~  

PrcLipitatioii some crosioii 01 the sm.dlcr iiiiiiLral particlcs 
from the plot stdbilucd with J 197 ws cvidcnt hut con 
srderable niore loss occurrcd on thc control plot Tdblc 9 2 
compares thc tiiiiicnl rctcntion on thcsc tuo lcst p l c i t q  

and thc Lontroi plot 

Tcst plot nuniber 5 WJS clfcctivcly stabdilcd with 
Penepnme However .IS described prcvtously (scc 
Table 9 I ) this ~ h c m ~ a J  is dn dsphajt product dnd is 
undcsirable lroni scvcrd strndpoints I t  is difficult to 
dpply detrimental to cstablished vcgetdtion dnd lids iio 

acsthctic appeal 

T h e  airborne contamination datd obtaincd from thc Jir 

sampler located in the center of tcst plot nuinbcr 6 ( S  8 
dir sampler) did not show any significant change It 
appears that the test plot was not large enough to have an 
cffect S-8 air sarnplcr data trom November 11 1970  to 
the prcscnt can be reviewed in Figure 3 1 in Scction 3 
Visudl cxdmtnation of this plot of S-8 air sampling data 

Evaluation 01 J 197 ( olicrn dnd Pcneprinic J\  clicrntcal 
stabilvers IS summmcd iii T h k  1 Uascd on thcsc rcsults 
J 11)7 diid Coherex wcre considcred favordblc tor further 
tcsting 

Table 9 3 Evaluation Of Threo Sod Stabilizing Chemwals 

I colo~ical  m d  Excellent Giind 
rcsthetlc 
considem t ions 

I ffrct on No effect 
h u  hlirhed 

No effect 

VL~Ll'Jtton 

Overall Hntini Cood Cood 

Poor 

covers VeFctltlon 
completely 

Poor 
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a In May 19’1 .mibined LheiiiicJl Jnd vegetative t ~ b i  

plots were estJblished in an area just east ot rlie asphalt 
pad The are, ,onsistcd of several inches ot gravel ti11 
material To irovide a good base tor vegetation an overlay 
of 3 inches of local top soil was added Three plots 
8100 square ieet in size were marked off Edch plot was 
cross fenducd (350  poundslacre) cross dragged cross 
seeded with Fairway crested wheat grass (25 pounddacre) 
and final c r o s  dragged 

Chemical stabduation was performed on two of the plots 
using solutions of Coherex and J 197 The third plot was 
used as a control plot for comparative evaluation A total 
of 2,000 gallons o f  J 197 solution was applied The 
resulting concentration was 110 pounds of J 197 per acre 
The Coherex solution was applied at a rate of 5 gallon 
per square yard A total of 450 gallons o f  solution conus 
tmg of 1 gallon ot Coherex per 4 gallons of water was used 
The control plot was treated with 2000 gallons of water 

Prelminary results of the test plots stabdlzed bv combined 
chemical and vegetative means are very encouraging The 
final preparation of the plots was completed on May 4 and 
5, 1971 (see Figure 9-8) In leu than two weeks seedlings 
were observed on both of the stabdlzed plots and the con 
trol plot Smce that time, the growth of vegetation has 
been excellent Figure 9 9 shows the condition of the three 
plots one month after scedlng The grass was about 3 
inches tall on each plot with fairly uniform coverage 
Neither the Coherex nor J 197 were found to be detri 
mental to the establishinent of vegetation If high winds 
occur little wil erosion and subsequent loss of vegetation 
is expected trom the stabdued plots 

The results CI soil stabdization research show that both 
Coherex and J 197 can be used for chemical and/or 
combined chemical and vegetative stabillzation Coherex 
appears to be more favorable for use on sand or gravel 
surfaces However, J 197 is believed to be somewhat 
better for s t a b h i t i o n  of top sod and grassy areas Both 
chemicals can easdy be prepared and distributed on all 

RFP-INV- I 0 

rvpes 0 1  terrains W J f c r  sprinkling truLks portable pumps 
Jnd perhJps even acrid dppllcation methods can be 
rmploved 

The cost of stabilization including materials and labor wdl 
vary considerably depending on the area to be treated I t  
is estimated that the two products evaluated wdl be corn 
petitive in cost and wdl range from $200 to f400 per acre 
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10 POSSIBLE OPTIONS FOR DISPOSITION 
OF PLUTONIUMCONTAMINATED SOIL 

When convdering the ultimate disposition of plutoniuiri 
c o n t a m i n ~ ~ e d  soil the following actions were evaluated 

I Chemical recovery of plutonium from sad 

I! Chemical mining or in sim leaching 

3 Soil removal and burial at an approved site 

I Chemical recovery of plutonium from the s o i l  would be 
an enormous t a b  Concentrated acids at room tempera 
tule h3\e been shown to remove between 49 and 725'0 
in 1 hoar The tune can be reduced t o  less than one 
half b\ processing at the solution boding point T h i s  
amount represents the plutonium held on the surtace 
of the mil All the plutonium can be recovered by 
complere decomposition of thc soil in an acid solution 
consisimg of I 5  8 M HNO, dnd >O I hf HF With this 
method dissolution is completed in about one half hour 
at the solution boiling point These recovew rates are 
based cq laboratory studies and would not be  expected 
on a large svstem Much intermediate \caste would be 
generared bv chemical removal processes This does not 
seem prsctical 

RFP [\\-IO 

2 ( h c n i i d  mininr . ~ p p ~ -  11) be t c r \  d i l l i ~ u l t  hCcJusL  01 
itic t h i n  I m c  ~1e .1  ana tic van inr pliiioiiium L O I I C C I I  

[rdiioii I r i  .iddirton it1 i \  PL ot proccssing is riot coii 

sidered to bc verv elit, .nt Solubilued plutonium 
could bc carried into the waterxourses and evcntuallv 
to humans This does ndt seem practical 

3 One possible burial locition for Rockv Flats contamina 
ted soil mav be the salt mine near Lyons Kansas 
However this site will not be  ready to receive contami 
nated material until at least 1975 Also the contamina 
tion level of Rocky Flats sod is so low that the soil 
may not be acLeptable tor b u r d  

Commitments have been made by Dow (Rocky Flats) and 
the AEC to the Governor ot Colorado that we would remove 
the Pad ' and the contaminated soil  it entraps This can be 
accomplished whenever an approved AEC burial site can 
receive the material The cost associated with removal is 

estimated in the next section of this report (See  Section 
1 I 1 Decision on actions on additional contaminated soil 
such as the action of plowing that was used i n  Spain, can 
not bc made without d better plutonium concentration 
depth protile The mechanism of plutonium transport in 

soil  should be established before actions such as plowing 
can be considered 

Soil stabiloation studies were initiated and will be continued 
Data resulting trom studies IO this period are reported in  

Section 9 ot this report 



11 ESTIMATE OF THE COST OF REMOVAL 
OF PLUTONIUM CONTAMINATED SOIL 

UNDER THE ASPHALT "PAD" 

RFP-INV-IO 

I I I SO0 Cubic Fccr 

Present informdtion docs not establish the exdct deprli o r  
are3 trom which the contaniindted sod will be removed It 
1s possible to estimate unit costs 01 labor packdging 
niaterlals freight and burial or stordgL as follows 

Unit Cost pcr 55Gallon Drum 

Labor to Fill and Load Drums 

Packagng Materials 

Freight Based on 600 Pounds 
Per Drum and Frcight Rate of 
$2. 10/100 Pounds 

Bunal of  Storage Based on 
7 4 Cubic Feet p e r  Drum Jnd 
Present N R T S  Charges of S 1 06/ 
Cubic Foot for  Storage o f  Trans 
uranium Wastes 

T O T A L  

S l O O O  

IO 50 

17 60 

7 85 

$4005 - 541 00 

Using this information Jnd Ihc following dssumptions rc 

gardine 3rc3 3nd depth of ContaminJtion i t  i s  possible to 
mdicdte the magnitude of the operation 

Case 1 

I Assume the removd of the asphalt 
pad as  uncontaminated waste 
Remove t h e  10 inches of fil dirt 
and 8 mches of contaminated soil 
under t h e  asphalt pad as con 
taminated waste 

TOTAL 

331 500 Cubic Feet 
7 4 Cubic FcctlDruni 

47 360 Drums X $41 OO/Drum 

Equipment Fdcdities 

T O T A L  

Case I I  

I Assume the removal of the 
asphalt pad as uncontaminated 
waste Remove I O  inches of 
fill dirt and 2 4  inches of con 
taminated soil under the asphalt 
pJd as contaminated waste 

1 Remove 4 inches of fill dirt and 
8 inches of contaminated soil 
from the area east of the asphalt 
pdd to the sccurtty fcnLe as con 
taminated wastc 

TOTAL 

637 000 Cubic Feet 
7 4 Cubic Feet/Drum 

220 OOO Cubic Fcct 
91 000 DrumsX 541 OO/Drum 

Equipment and Facilities 

33 I 500 Cubic Feet 

-47 360 Drums 

-SI 950,000 

- 50000 

-s2,000,000 

4 1 4 , 0 0 0 C u b i c  Feet 

223 OOO Cubic Feet 

637 000 Cubic Feet 

-91 OOO Drums 

-53 7 3 1  000 

- 5o.OOo 

T O T A L  
~~ 

-53.78 I ,OOo 

I 

46 



RFP-INV-I 0 

?2  ROCKY FLATS CURRENT HEALTH 
PHYSICS ENVIRONMENTAL 

SAMPLING PLAN 

Vegetation Samples 

ON S l T t  

Vegetation samples are collected at 6 month intervals 
from I6 locations within the security fence The saniples 
are currentlv*analyted for total U + Pu activitv (gross 
alpha) and specifically for plutonium 

Air Samples 

ON SITL 

Twelvc on sitc ~c)ntinuous dir  wrnples are collected daily 
(except weekends md hoIid3vs) and analyzed for total 
long lived alpha activitv A n  analysis is also performed 
for beryllium 

Five weekly 6 hour high bolurne air samples taken east of 
the 903 Area are collected and analyzed for plutonium 
content 

OFF SITE 
O F F  SITE 

Stxtv seven locations with a IO-mde radius of the plant are 
collected at 6 month intervals All vegetation samples arc 
collected troni public right ot W J V  dnd conlined to t h ~ t  
normallv consumed by grdring animals The samples arc 
analvzed tor gross alpha and specifically lor plutoniuni 

Water Samples 

ON SITE 

Water wmples lrom holding ponds 1 5 and 9 (release 
points) are collected daily The samples dre cornposited 
weekly and analyzed for uranium plutonium and 
americium 

Monthlv uater samples from each ot I4 smpling wells arc 
analvzed lor uranium dnd plutonium 

O F F  SlTt 

Thirty w e n  samples from lakes and streams surrounding 
the plant are collected at 6 month intervals The sdmples 
are analyzed for gross alpha content A plutonium deter 
mination is made if the sample activity exceeds 0 7 pCi/liter 
(0 7 x pCi/ml) 

Samples from four reservoirs and nine community tapwater 
supplies are collccted bimonthly and analyzed lor total 
uranium plus plutonium activity In  addition these 
reservoir samples are analyzed specifically for plutonium 
Samples from Great Western (Broom field water supply) and 
Standley Westminster water supply) Reservoirs are analyzed 
specifically for americium 

A weekly water sample collected from Walnut Creek at 
Indiana Avenue is analyzed for total uranium plus pluto- 
nium activity and specifically for plutonium and americium 

Twelve high volume continuous air samples taken approxi 
matelv 9, miles from the plant boundary are collected dady 
(except weekends and holidays), cornposited weeklv and 
analvzed specit ically for plutonium content In addition 
a 6 hour  high volume air umple is collected weekly at each 
ot Wagner site (located approxunately 2 5 miles ESE of the 
plant) and Cod1 Creek Cam on These air samples are 
analyzed specifically for plutonium content 

Biweekly air samples from nine additional locations are 
analyzed for total long lived alpha activity Samples from 
these IoLaiions are also analyzed for beryllium 

Fallout (Dustfall) Samples 

ON SITE 

Five dusi tall samples Jre 
on site and downwind from the production buildings One 
site is downwind trom the 903 Area Fallout (dusttall) 
samples are analvzed speciiically for plutonium 

bimonthly from locations 

OFF SITE 

Twelve dust fall samplers are located o f f  stte atop the air 
sample stations The samples are collected bunonthly 

More remote samples arc collected monthly from Berthoud 
and Castle Rock All dusttall samples are analyzed for 
plutonium content 

Soil Sampling 

The Rocky Flats Health Physics department maintams an 
extensive routine soil sarnplmg program Sod samples are 
collected from locations both on and off the plant site 
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ON SITE 

903 Area 

Fortbeight samples are collected at 100 150 and 
500 ft distances from the nearest edge of the asphalt 
pad This area is presently being sampled four times 
per year I t  is planned to reduce this t o  twice per year 
in September 197 1 

Other Sires Within the Security Fence 

Twenrv nine locations on alternatc grid points ot the 
5 0 0  ft Austin Company grid are sampled twice per 
year and andvzed specifically for plutonium 

Sdmples Between the Security and Cattle Fences 

Sixtv Io~3t ions  (predominantly east and south of thc 
plant proper but covering all areJs) arc sampled 
se m ia n n u 21 I v 

O F F  SlTL 

1 Crid S m a i c s  

Ther ~r 10 locations on cach of thrcc miiccntric circle, 
ot I 
These sanplcs are approximatelv equi spaced m d  Jrc 
colleLted twice per year 

2 snd 5 mile distanccs trom the plant ccntcr 

I n  order to intensify the s o i l  sampling in areas edst and 
south of the plant boundary 30 additional locdtions in  

these areas are sampled along public right of way These 
winples 3rc wllected twice per year 

2 Remote Of f  Site Samples 

Twentb soil samples from Arvada Westminster and 
Denver locations between Boulder and Fort Collins 
Coal Creek Canyon locations between Leyden and 
Golden and along 104th Avenue are sampled twice 
per year 
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Sediment Samples 

o\ SI7 I 

Scdimcnc wmples from each of [he holding ponds are 
collected monthly for analysis 01 plutonium and ameri 
cium This schedule wdl continue until any problems are 
adequately defined The  schedule wdl then be reduced to  
twice per year 

Sediment samples from Walnut Creek and Woman Creek 
effluent water courses are collected monthlv These 
sediment samples arc analvzed tor plutonium and ameri 
cium content 

OFF SITE 

Sediment samples from each of  four reservoirs (Great 
Hestern Baseline Standley and Ralston I are collected 
twice each year and analyzed for plutonium An analvus 
specifically for americium IS performed on Great Western 
and Standley Reservoir sediment samples 

Chemical Contaminants 

ON SITE 

Watcr samples from holding ponds I 5 and 9 are collected 
three times per week and analyzed for pH, NO3-, 
F- and total solids A daily water sample from the holding 
pond 5 is compositcd and analvLed lor biological oxygen 
demand (BOD) These chemical analyses assure that all 
ylitcr leaving the plant is i n  compliance with presentlv 
w e p t e d  drinhing water standards 

H J ter 1 roin the I4 sampling wells is analvzed for pH 
\O,- P 0 4 - 3  F-  and total solids 

O F F  S I T E  

Because of 3 recurrent problem with nitrates leaching into 
Walnut Creek from the solar evaporation ponds a weekly 
water sample from Walnut Creek at Indiana Avenue is 
collected and analyzed for NO,- conccntration t', nL 

periods of peak spring runoff a dady water sample ,om 
Walnut Creek at Indiana Avenue is analyzed for NO< 
concentration 

Presently, environmental sample analysis for plutonium and 
americium is restricted due to the la,k o f  adequate alpha 
pulse height analysis mstrumentation This condition will 
be relieved with the purchase of additional instrumentation 
for the performance of the analyses in Fiscal Years 1972 
and 1973 



13 CONTINUING RESEARCH SUPPORT 
AT ROCKY FLATS ON THE STUDY OF 

PLUTONIUM IN SOIL 

I This studv pointed out several areas where intormation is 

needed if reasonable decisions are to be made pertaining to 
problems ot plutonium in sod The following activities 
are being or will be pursued at Rocky Flats if sufficient 
funding is avadable 

1 Samplmg and analytical techniques will be unproved 

2 Standard samples wdl be generated and stored for 
future use 

3 Sampling exchange programs with other laboratories 
will be continued 

4 Plutonium sod depth profiles wdl be obtained 

RFP-INV- 1 0 

5 The mechanism ot plutonium transport in sod wdl be 
studied 

6 The Lhemical t o m  of the plutonium in Rocky Flats 
sod should be identified 

7 The solubditv of the plutonium in Rocky Flats sod 
will be studied 

8 The particle size o f  the plutonium species and the sue 
of aggregate particles of plutoruum and sad should be 
established 

9 Emergency procedures to "fi" plutonium in toll for 
easy removal in went  of any future accidents. wlll be 
established 

I O  New and unproved air sampling systems wll be devised 
and deployed that specifically measure resuspended 
plutonium particles from Rocky Flats sod 

11 The significance o f  multiple resuspension of plutonium 
particles from Rocky Flats Sod wdl be establishcd 
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PART I I  RECOMMENDATIONS 

I It  is recommended that the AEC purchase additional 
property surrounding the Rocky Flats Plant site 

5 It  is recommended that the asphalt “Pad,” which 
is an effective sed, not be disturbed untll all 
questions o f  a disposal site for the contaminated sod 
have been resolved 

6 It is recommended that specific responsiblity be 
assigned for ultimate disposal of the sod under the 

2 I t  is recommended that areas in which the soil contains 
plutonium in excess of 350 mCi/km’ be fenced and 
restricted from grazing 

Pad 

7 It is recommended that the diagnostic research and 
health physics support described in Part 1 (13) o f  this 

3 I t  is recommended that additional s o i l  stabdizatron 
action be pursued on soil in and around the Rocky 
Flats plant where plutonium concentration exceeds 
350 mCi/km* report be completed 

8 I t  is recommended that close llaison be maintamed w t h  
other AEC and commercial agencies or Utes usng Pluto 
nium so that all new plutonium environmental infor 
mation can be shared 

4 I t  IS recommended that additional vegetative cover be 
considered for use m conjunction with soil stabilizers 
in the areas east and south of the drum storage area 
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PART 111 APPENDICES 

Geology of Rocky Flats Plantsite 

Analysis of HASL Data 
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Simplified Conversion Scale and Table for the Various Units Used in the Literature to 
Express the Levels of Plutonium Contamination in Soil 
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Appendix A 

GEOLOGY OF ROCKY FLATS PLANTSITE 

C T lllslev December 1970 

Tl i\ L p  - .I[-, Plant in Colordo IS IULJILU on J geiiily 
or w i w A  plain Jt the e 3 s t ~ r n  cdge 01 

I I  ( I  I I  t i L  Front K m g e  o! the Rock\ Mountdins 
K ,  . 1 ~ 1 %  m Jre evtrcmelv scarce in  the immcdiate 
v i c i n  t i ne site and most of the geologic descriptions 
Jre - 4  Lc L~ e\trapolations trom adjaceni areas to the 
n o r r r ,  ,ric , > u i h  Some information was obtained lrom 
> u r  "__  rc., Jutcrops west o! the area and subsurtJce 
c c ) l i i  iiur 

( c o d  i A! I )  only one hdlt nide west o! the p l m  
L W I , ~ L ~ , .  - ornution was obtained from the maps dnd 
rceorrs rz  ?-red IO in the list of  references 

LLre  observed in the abandoned Capitol Mine 

The surtJcc soil is -omposed 01 IO io 25 feet of  alluvium 
or gravel whtLh .onsists mostlv 01 quartzite boulders and 
d a y  This surticial materul is underlain by 700 800 feet o f  
Laramie tormation according to Spencer (1961) and shown 
in Figure A 1 Earlier reports indicated the presence o f  
25 IO 30 feet ot the Arapahoe formation but Spencer could 
not distinguish such a lithologic break in the Laramie for 
mation in this area 

The Laramie formation is divisible into two parts The 
lower part about 100 fee! thick is composed chiefly of 
sandstone and sandv shale interbedded with lesser amoLnts 

Fmure A Geoloqtc Map of Rocky Flats Plantrim 
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A p p e n d i x  A 

0 1   la\ 1111 & I J V  shale and coal The upper part about 
600 io 700 feet [hid,  is Lomposed chietly 01 clay slialc Jnd 
sdndb s h a l ~  Jnd some lenticular beds o f  sandstone and 
lignite 

The Fox Hills sandstone underlies the Laramie formation 
The Fo\  Hills is a massive cross bedded and ripple marked 
sandstone that is conformable with the underlying Pierre 
shale The tower two thirds of  the F o x  Hills is a fine to 
coarse grained, slightly calcareous yellow to greenish bulf 
sandstone The upper one third of the F o x  Hills is a fine to 
medium grained Ii&t grav io light vellow mottled Lross 
bedded sandstone The thickness ot the F o x  Hills sandstone 
varies trom 60 to 250 feet oetween Ralston Creek and 
Superior beneath Rock) Flats site it is probdbly about 
100 feet thick 

T h e  under/\ ing Pierre shale is about 8000 feet thick I t  I S  a 
lead grav to brown and black shale 01  marine origin 
Although generally homogeneous the Pierre also contains 
some slltsrone sllty sandstone beds of llmestone and 
l m e r t o n e  concrerions 

In contrast to the steeply dipping rock strata west of the 
plantsite the structure beneath the plantsite is almost level 
and rather uncomplicated A cross section drawn along 
an east wcsi line from Indiana Avenue to Colorado High 
wav 93 and based on data (from Spencer 196 I of structure 
contours on the top of the F o x  Hllls sandstone shows the 
generalized structure (See Figure A 21 The steeply dipping 

Figurm A 2 Gmologtc Cron Section of Rockv Flats Plantricm along Ltnm AA 

(-44- east) F o x  Hills wndstone exposed c\n the surtace one 
lull mile east 01  Hiehwat 93 is assumed to flatten out to 
less than 5" J t  d point close to the west p t e  of the plant 
I t  is logical to assume that the overlying contormable 
Laramie tormation also is relatively flat under the plant 
site The structure is significant from a hbdrology view 
point because steeply dipping strata would tend to restrict 
the ground water to great depths below the surface and 
extending many mdes east of Rocky Flats Since the 
layered rocks are actuallv almost level water entering the 
ground water system from the Rocky Flats area would be 
more likely to reappear at the surface onlv a short distance 
downslope from the recharge area such as in the dramage 
patterns 01 Woman Creek or Walnut Creek An dlustration 
of possible ground water movement is shown in Figure A 3 
3 cross section along a southwest northeast line through 
the area Evidence for such water migration is the presence 
o f  several intermittently flowing springs along the leading 
edge of the Rocky Flats pediments As indicated in 
Figure A 3 surface water entering the ground in the 
vicinity of 77 1 Building will llkely emerge to the surface 
in Walnut Creek possibly in the Rocky flats holding pond 
If the water were to percolate deeper, i t  should stdl 
rcappedr west of Indiana Avenuc To migrate east of 
Indiana the ground water would have to penetrate more 
than 350 feet of the Laramie formation This would be 
unllkely because of the impermeable nature of the clay 
shale strata Faulting could create passagewavs for down 
ward flow ot ground water but no evidence of faultmg 
has been reported within the immediate area of Rocky 
Flats 
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Appendix A 

Vertical scale S/l6-= 400 
H o r i ~ o n r ~ l  scale 5/16'= 1000 
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ANALYSIS OF HASL DATA 
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Appendix B 

Section 1 

LOG NORMAL ANALYSIS OF PLUTONIUM 
DATA 

D E Michels 

Log normal analvsis is a technique based on statistical 
con.nderations of how analytical values may vary from one 
another Data are plotted on probabditv paper such that 
[he Imearitv 01 the arrav of plotted pomts yields statistical 
conclusions This technique applies to plutonium d a u  
and ihree kinds of  conclusions result f 1 )  When the arrav of 
plotted points is preciselv linear the data are called 
homogeneous That is the plutonium in 311 samples of  the 
grouo IS  ovcrwhelmingiy from a single source ( 2 )  The 
anah tical value associated with the 50th percentde of the 
data is the average value Tot the group (3) The stdndard 
devution for the group is given by the slope of the arrav of 
plotted points The conclusions described above depend 
on finding straight line plots when the data 3rc plotted on 
p r o b i b ~ i i i v  paper Since rcquired straight lines are obtained 
onh $6 hen 3 loganthm scale IS  used for the a n d v t i c d  values 
(and not when a linear s c d e  1s used) the distributions are 
rerrn2;i log normal Log no-mal distribuiions 3rc generalh 
obtained tor 3 wide varietv of trace materids studied b\ 
:eo,- :mists 

Thi, , e ihnique was applied to data reuorted b\ Health 
and S i r e n  LJboratory (HASL 135) personncl sincc thcir 
33  st-nple sites included some bites uhiLh would b e  ex  
pectcd not to include detectable amounts of plutonium 

from Rockv Flats Thus the HASL data mvolve two kinds 
of samples one kind dominated by world wide fallout the 
other kind dominated by Rocky f l a t s  effluent The plot 
on probabilitv paper permits a sharp distinction to be 
made between the tno groups In addition an independent 
estimate is obtained tor the plutonium background in 
Denver soils that IS due to world wide fallout 

Figure B I shows the probabdity plot for the HASL data 
which rn Table B 1 are ranked in order of analytical values 

The junction o f  the two components of the plot at about 
3 0 mCi/km’ is the natural division between the back 
ground distribution of plutonium and the plutonium derived 
from Rocky Flats On the basts of Figure 6 1. the HASL 
data are divided into two sub groups which are replotted 
indcpendently in Fipre E 2  Each sub group gives a 
statistically satisfactory fit  to a straight h e  and we iherefore 
conclude that each subgroup is homogeneous 

The higher content subgroup is clearly caused by Rocky 
Flats since the samples which comprise the subgroup were 
taken near and downwind of the plant Although i t  ,s 
tempting to select an ‘average” value for this group by 
correspondence with the 50th percentde that temptation 
should be resisted The anomaly has definite structural 
features which comolicate the meaning of average value 

However the lower,mtent suberoup if i t  trulv is back 
ground should not rave 3 complicating structure Hence 
this log normal anah ses vields an average value of 1 4 
mCi/km2 associated with the 50th percentde and is a 
valid measure of the Denver background 

Tab(. 8 1 Orda #Id Porc.ntilr for Plutuntum in Soil Samolr 

Sample 

3 3  
16 
2- 
29 

31 
10 
22 
2 6  

I 

2 5  
2 8  

- mCi/km‘ 

I 8  
2 0  
2 0  
2 0  
2 1  
2 2  
2 2  
2 3  
2 4  
2 4  
2 5  

Percentile 

3 0  
6 1  

9 1  
I1 I 
I S  2 
18 2 
21 2 
24 2 
27 3 
30  3 
33 4 

Sample 

9 

2 0  
24 
21  
32 
30  
23 

2 
3 

I 1  
19 

mCi/km’ Percentile 

2 6  
2 6  
2 6  
2 7  
2 7  
2 8  
3 0  
3 1  
4 2  
5 4  
8 0  

36 4 
39 4 
4 2  S 
45  s 

s i  s 
54 5 
57 6 
60 6 
63 6 
66 7 

4 a  s 

Samole 

4 
I 7  

5 
14 
I S  
16 
I2 
1 3  
1 
8 
6 

mCilkm’ 

I 1  
14 
I S  
I 7  
18  
19 
4 7  
5 0  

4 8 0  
630  

1950 

Percentile 

69 8 
12 8 
75 8 
78 8 
81 8 
84 9 

91 0 
94 0 
97 0 

a7 9 

- 

B I  



70 
60 

50 

40 

30 

B 20 

- 6 
Y 

f g 10 
vl 

; ; a  
a f 6 1  
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Figure 8 1 Compound Distribution Containing Samplos Dominatd 
Ettha by B8ekground Plutonium or B y  rho Rocky 
FIau D ~ O I V U I ~  

Table B 2 Order and Porcenrilos for Subgroups 

-- 
3 3  1 8  
18 2 0  
27 2 0  
29 2 0  
31 2 1  
10 2 2  
22 2 2  
26 2 3  

I 1 4  
25 2 4  
2 8  2 5  

9 2 6  
20 2 6  

14 2 6  
21 2 7  
32 2 7  
30 2 8  
23 3 0  

2 3 1  

-- 
5 3  2 

10 5 3 
I5 8 I I  
21 0 19 
2 6  3 4 

31 6 I 7  
36 8 5 
42 1 14 

4 7  4 I S  
52 6 16 
57 8 12 
63 I I3 
68  4 7 

73 7 8 
‘ 9  0 6 
84 2 
89  5 
94 8 - 

3 1  
4 2  

t 4  

8 0  
I I  
14 
15 
I7 
18 
19 
47 

50 

4 80 
6 30 

1950 

6 7  
I 3  3 
20 0 
26 7 
33 3 
40 0 
46 1 
5 3  3 
60 0 
66 7 
73  4 

80 0 
86 8 
93 3 
- 

RFP-INV-10 
Appendix 5 

50- 

40 - 
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E 20- 

- E, 
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- 
x 
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L 8 -  
0 - 

6 -  

‘1 - - 
5 4 -  

2 -  

I , I  

1 2  5 10 30 50 70 9 0 9 8  
Prwntllo 

Ftguro B 2 Background Diatriburion oi Plutonium llown plot) 
Soparard from m~ Rocky Flats anomaly 

T h e  ditference between the average ~ a l u e  of 2 3 mCi/km’  
and t h c  classif~catton value of 3 0 rnCi/km2 IS a jo in t  c 7 

sequcncc ot both  the natural vartabllitv o f  fallout near 
Denver and the  variations inherent to the sampline and 
~ n a l v t i c a l  procedures S m p l e s  indicating plutonium con 
tents of less than 3 0 mCi/km2 contain no increment 01 
plutonium t r o m  Rockv  Flats In statistical terms the 
certaintv IS 9 5 %  since the 3 0 rnCilkm’ value corresponds 
to the  9 5 t h  percentlle of the background value ( a n d  to 
about  the 8 t h  percentlle of the Rocky  Flats anomaly as 
p lo t ted  1 

Section 2 

PLUTONIUM FALLOUT IN THE DENVER AREA 
Donald E Mtchels 

T h e  log normal analysis described ut Appenduc B S e c t l o n  1 
yielded a value for pluton~um fallout m Denver Since the 
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Table B 3 Plutonium Fallout Near 0env.r 

Sciurcr Vethod  

MichelsJ 

Krcv & 
Hard\ 

C C I  I "  

- 
log normal plot of 19 HASL umples 

s i n g e  a m p l e  frnm I k r b v  

single sample from Loveland 

Vdlue 

2 4 mCi/krn' 

I 4 mCilkm' 

0 I 9  mCi/km2 (J) 

'Appendix B Section I 

'Health and Safetv Laboratory report HASL 2 3 5  August I 1970 

'Colorado Committee for € nvironmental lnformdtion report on 

d B y  conversion I dlrnlg = 4 5 mCilkrn 

Dow Rocky Flats tlre January 13 1970 
2 

1 Other workers havc rcnded to he conservativc and havc 
choscn their background vdues from the lowest 01 their 
analytical values which involved samples remote from 
Rocky Flats This procedure both bidses thc selection 
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toward IOU vslues and ignores whatever natural variation 
may exist in ihc overdl background distribution 
I-urtlicrmorc thc amlvtical vdriances involved are not 
well docurncnted hence the values chosen mav be low 
for reasons independent of the natural variations 

2 The plutonium background for the world is known 
independently from direct chemical analysis because of 
fission yield estimates maintamed by workers at 
Los Alamos Their 1969 estimate of 500,000 curies of 
plutonium is equivalent to a world wide average value of 
I 1 mCi/km2 for a uniform distnbution Variations 
from the world average values are expected because 
weather patterns and fission events are not distributed 
u n i f o m i l y  The magnitude of these world scale varlations 
are documented for fission products such as strontium 90 
which are more commonly analyzed for than plu 
tonium A latitudinal variation ut the "Sr fallout is 

documented which shows maxunum m both hemispheres 
near latitudes of 40-50' The northern hemisphere 
maximum for "Sr is 2 34 times the world wide average 
value Sincc Denver latitude is 39' N we should not be 
surprised to find the plutonium fallout there to be more 
than twice the world wide average, or between 2 2 and 
2 5 mCilkm' 
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SOIL CONTAMINATION AND ASPHALT PAD 

Speaker Dr James R Seed 

RFP-INV- 1 0 
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Dr Seed has a Ph D trom Universitv ot Calitornia in 
Physical Chemistrv ( 1964) He is t ~ m i l i a r  to several 
members ot the panel (H t Roser and D E Pdtterson) 
with wlioni he worhed during the official investigation 01 

the May I 1 1969 fire at  Rocky Flats Some of  his earl\ 
worh while in Intelligence in !he USAF involved separa 
tion and analysis ot the actinide elements (primarily 
protactinium uranium Jnd plutonium I trom United 
States and other na1ions nuclear test shots Other USAF 
experience involved survellldnce work on (plutonium and 
uranium) w e a ~ o n s  at Manzano Base Albuquerque, New 

experience and research at Rocky Flats has resulted m 
expertise in areas o f  survelllance, product integrity c c  -3sion 
problems In general plutonium ignition, and the cherr stn 
and physics of plutonium that relates to plutonium hanc 
ling and storage problems He was assigned by the 
Operating Board of the Rocky Flats plant as chairman o f  
a special committee to investigate evaluate and recorn 
mend action relative to the plutonium that accumulated 
in the soil from the outside "Barrel Storage Area 

Dr Seed is dlrector of Product Research and Development . .  
Mexico His specialitv tield was radiation chemistry His at the Rocky Flats Division 
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4 2eneral -2rnnient was made that manv ot the problems 
t h r  H O U I O  be discussed throughout the two day meeting 
H U U I L I  intlv\r rnvironniental concerns 

0 
This slide Slide 1 ) was a drJwing ot the theme t l u t  hJd 
been x l o p r c d  bv a local high school relative io environ 
nirntJl t c ~ r i i n g  dnd dction programs 

I t  was pointed out that our plant was approximately 
20 \ears old- working in a technical field that for all 
p r a c t i d  purposes was only about 25 years old Our 
learning rate was approximately equal to the rdte ot the 
growth ot knowledge in this new field 

As He learncd we obviously could look on problems 
we had t x e d  in the past in light of current knowledge 
and clearl\ drcide we could or should have acted 
ditterenth had we known what we know now 

Problems 01  plutonium rontamination in soil were discussed 
in general 

RFP-INV-I 0 
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SLIDE 4 

I A PROCESS OF JUDICIOUS DECISION MAKING HAS 
BEEN EMPLOYED IN THE PAST THULE ACCIDENT 
PALOMARES ACCIDENT ETC 

The various AEC sites wtuch might face similar problems 
such as LASL Mound LRL NTS, BNW Pacific Islands 
as well as the areas where accidents had occurred, Palomares 
Spain and Thule Greenland were alluded to 

With the growth of breeder reactors and fuels reprocessing 
plants the problems in this area will continue to grow 

The problems associated uith establishing plutonium sod 
standards were touched on 

I particle SKC 

2 retention 
3 critical organ 
4 resuspension 

SLIDE 2 
a 

SLIDES 5 AND 6 

Tr lERE A 7 E  NO STANDARDS FOR PLUTONIUM IN SOIL I 

SLIDE 3 

PRIMARY GUIDELINE 
AS NEAR ZERO AS POSSIBLE 

MAINTAIN AN ACTUAL DOSE 

I J 

The acLompanving table u3s divided into two slides 
15 and h i  

DJta were presented which showed some ‘standards that 
had been adopted bv other countries for plutonium m sod 
(Some liberties were taken in convertmg units to make 
cross reference between various papers a little easier ) 

Data were also presented m some ‘reasonable proposed 
‘standards for the United States Ttus information can 

be found in a paper presented at the International Svm 
posium on Radiolopcal Protectton of the Aiblic in a 
Nuclear Mass Disaster June 1968 The paper was authored 
by R L Kathren of Battelle Northwest The data relatmg 
to Criterion I of 10 C F R  140 84 (Financial Requuements 
and Indemnity Agreements) were also discussed This 
criterion considers surface contammation values above 
0 35 pCi/m’ (approximately 77 dprnlcm’ or 350 mCi/km2) 
over 100 m2 of property as the mmimum level of trans 
uranic radio nuclides that would comprise a substantial 
discharge of radioactive material from its intended place 
of  confinement 

c2 
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SLIOES 5 AND 6 

M A X I M U M  PERMISSIBLE ALPHA CONTAMINATION 

rcitrn' - 
0 1  

0 1  
1 0  

0 I 1  

0 1  
1 0  

0 1  
1 0  

0 1  
1 0  

0 01 

0 01s 
0 002 
0 006 

0 0 4  
0 4  

4 0  
40 0 

Remarks 

Widespread areas contaiminatcd mth plutonium 

United tungjom 100 22 2 
IO00 112 

Inactive areas 
Active ucas  

Czechostovakra 

France 

110 14 4 Workplaces after decontamination 

100 21 1 
1000 122 

Equipment and workplaca in inactlve areas 
Equlpment and workplaces in actwe a r e u  

Poland 100 12 2 
1000 122 

Labs restricted to using 100 p CI or leu 
Lab8 permitted to use marc than 100 ~r CI 

South Africa Body personal clothing inactlvc areas 
Equipment and workplaces rnridc controlled ueaa 

IO0 22 2 
1000 122 

United Stater ICC 2 0  4 44 Interstate Commerce Commurion (Dept of T n n r p o n a t i o n )  
pertains to interior of  vehicles preriourly used for tranapor 
tation of materulr 

I S  
2 
6 

3 33 
0 444 
1 3 3  

Work clothing and aurfacn before clcrning 
Hand8 and work undaclothlng before cleaning 
Work Surfacer after cleaning 

U S S R  

United States(-) 40 8 8  
400 88 

Urban ruburban recrcatlon ueu 
Rural truck fummg, annual food crops, grrring land 
milkmhed etc  
Rural deep root pcrennulr (e g nuts certain fruits) 
R e m o t e  or Controlled desert forest fenced or lunited 
accesa arena 

4000 888 
40000 8888 

'"Units JSCJ in HASL reporr No 235 

I 

SLIDE 8 
SLIDE 7 

HISTORICAL SEQUENCE (continued) 

0 1966 
SMALL BUILDING ADDED TO FACILITATE TRANSFER 
OF CONTAMINATED OIL FROM LEAKING DRUMS TO 
NEW DRUMS 
JANUARY1967 
LAST DRUMS ADDED TO STORAGE AREA AND 
REMOVAL TO 774 BEGAN OLDEST DRUMS SHIPPED 
FIRST 

LAST DRUM SHIPPED TO BUILDING 774 FOR 
PROCESSING HIGH WINDS SPREAD SOME 
CONTAMINATION 

RADIATION MONITORING AND MAPPING OF AREA 
COMPLETED LEVELS OF 2 x 10' dlmlgm TO OVER 
3 I 10' dlmlgm REPORTED PENETRATION OF FROM 
1 INCH TO 8 INCHES REPORTED 

JUNE 1968 

JULY 1968 

~ ~~~ 

HI STO R I CA L SE QU EN C E 
J - L Y  '958 
CRU' STORAGE AREA ESTABLISHED DURING 
SLESEQUENT YEARS DRUMS WERE CONTINUALLY 
ADDED PRIMARILY PLUTONIUM CONTAMINATED 
MACHINING OILS 

1450 
FIRS' DRUM LEAKAGE DISCOVERED-RUST 
I ~ H I E I T O R  ETHANOLAMINE WAS ADDED TO DRUMS 
PFllOP TO STORAGE TO MINIMIZE CORROSION 

e A V L A R Y I S ~  
FIRST EVIDENCE OF LARGE SCALE DETERIORATION 
OF C3UMS REPORTED SOIL CONTAMINATION 
REFCPTED AS INCREASING 
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SLIDE 9 

~ ~~ ~ - 

HISTOPICAL SEQLENCE (continuwii 

SEPTEMBER 1968 
PRELIMI\ARY PROPOSAL FOR CONTAINMENT 
COVER PREPARED BY ROCKY FLATS FACILITIES 
ENGINEERING 

JULY 1969 
F IRST  COAT OF FILL MATERIAL APPLIED 

AUGUST 1969 
FILL WORK  COMPLETED PAVING CONTRACT LET 

SEPTEMBER 1969 
OVERLAY MATERIAL SOIL STERILANT AND ASPHALT 
PRIME COAT COMPLETED 

NOVEMBER 1969 
ASPHALT CONTAINMENT COVER COMPLETED- 
INCLUDING FOUR SAMPLING WELLS 

These three slides detailed the significant information rela 
five to thc ds\elopment of the problem and also action 
tahen up io tne Loinpletion 0 1  the asphalt pad 

The itenis or the slidLs were discussed pointing out that 
throuchout this entire period development work was con 
ducted 011 J ?roccss to treat (dispose recl~ini etc ) the 
LontaminateL oils An initial proccss was developed in 
December c 1959 hut eqtiipmcnt and funding problems 
J t l ~ \ t d  i l i t  -1ti31 tesi tins until M J \  ul IOhO Further 
.urrosion u aauiprnept problcms (h\drd\sis mi radiolvsis 
01  I ~ C  CCI, HCI) dchbed the proccss until DcccmbLr 
1961 This  rrocess 3nd projeL1 ol treating the contanii 
ndtcd oils u -3 included in the project Additional Processing 
FJcilities CJntraLt AT(19 1) 1198 which was an expansion 
ot the plutowm chemid operations Later funding 
difficulties resulted in deletion of this portion of the project 
Actual processing of the oil commenced in January of 
1967 At this time the tield contained about 5 240 drums 

In the discussion with the AEC participants of the meeting, 
the action taken to minimize drum corrosion was covered 
and the effort made to transfer oil from the older to newer 
drums was also discussed 

SLIDE 10 

A drawing o f  the actual area of  the pad and additional base 
fill was presented and discussed (Slide 10) 
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SLIDE 10 

ASPHALT COVER AREA 

$ 

ORIGINAL FENCED OIL DRUM 

BASE FILL MATERIAL 

STORAGE AREA 
ASPHALT COVER AREA AND 

rzzT4 i M%F I L L  COVERED 

SLIDE 11 

A photograph of the pad area was presented (Not 
included in text ) 

SLIDE 12 

A slide which consisted of colored contours depicmg 
plutonium in the surtace soil around Rocky Fldts was 
presented These data were generated bv using sod 
dnaiysis from 

I Rocky Flats Health Physics Department 

2 T h e  Health and Safety Laboratories (HASL) 

3 The Colorado Committee on Environmental 
Information (CCEI Martell) 

This work had been completedffovember 16 1970 

The  model for the “contours” had been constructed from 
135 sod sample analyses 

1 Ninety nine samples taken on AEC property 
and on pubhc and pnvate property by the 
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2 tichiccn umplcs  IJhLil hy I IA \L  111 

I cbnian i)] I Y 7 0  

7 Eightecn samples tahen by CCLl in 
ANFusr o f  I909 

SLIDE 13 

This slide consistcd of another set 0 1  contours lor 
plutonium and incorporated into the model Thirtyeight 
additional wil u m p l c s  takcn during Dccciiibcr I070 
(approximately 4 to 6 months alter the initial Rocky Flats 
plutonium w i l  analysis) Tliis new set ol contours which 
was based o n  a total 01 I73 s o i l  analyses showcd vcrv little 
change trom the previous slidc 

Additional wil wmple amlyscs showcd t h t  thc lcvcl ot 
plutonium cimtaniination is t i o f  incrcdsiiig 

The total integrated quantity of plutoiiiuiii (using siiiiplc 
integral calculus on the equdtions ol tlie niodcl) WJS 

cstiniated t o  be 14 3 grams over the 8 3 5  Liii  ( 2  003 deres) 
covered by the orange ( IO00 -. 1000 niCi/hiii' 1 ycllow 
green bluc purple brown ~ i i d  grJy ( I 1 -L 20 niCi/hm ) 
contour lines (Slide 1 1  I* 

There are Jpproxiindtclv 0 7 grams ovcr 2 72  hili 

(671 acres) of land inside thc boundary below tlie 
2000 mci Lni2 contour 

Thew arc - o grains ovcr 5 63 km' ( I 393 Jcrcs) uutsidc 
the boundan down to the I 3  mCi/km* contour 

The dcrails 3nd the dssumptions that wcrc mddc 111 con 
structing these models CBII be seen in intcrnal Rockv i-ldts 
Reports (Official Use Only) 

*In this report Slide I 3  IC reproduced 111 hldrk and whttc toner 

only 

I 9crvicc Kcpori 4x2 '0 2 Novcnihcr I6 1Y70 

2 Scrvicc Kcpori 482 I4 April 26  107 1 

Copies 01 the laicst rcpori ha\e been trdnsmittcd bv the 
Rocky Flats Pldnt Mandeer through the local AEC area 
office to ti E Roser Assistant Director Division of 
Military Appliwtion dnd J F Burkc Assistant Manager 
lor Operatioiis Albuquerque 

SLIDE 14 

This slide consistcd of a tdble which gave the integrated 
quantities and land area included in each Contour 

AVERAGE 
ACTIVITY Pu 239 dlmlg AREA 

CONTOUR IN mCtlkm' IN GRAMS DRY SOIL IN km' 

ORANGE 2000 loo0 0 2 9 2 0 0 2  198 002 
YELLOW lo00 400 125fO09 131 013 
GREEN 400 350 032k003 87 005 
BLUE 350100 3102054 40 106 
PURPLE 100 50 1262046 16 109 

5020 t 0 4 f O 5 9  7 198 BROWN 
GREY 20 13 0342022 4 130 
BEYONDGREY 13 1 - A 2' m 

TOTAL 7 6 2 2 0  

ASSUMING A DENSITY OF DRY SOIL OF 1 GMICM' AND 
A SOIL SAMPLE DEPTH OF 1 CM 
' BACKGROUND PLUTONIUM ACTIVITY 

SLIDE 15 

This wds a photograph ol the arca of the plant site involved 
in this disLussion and introduLed the participants of the 
meeting to the area they would physically tour later in 
the morning (Not tncludcd in text 1 
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SIMPLIFIED CONVERSION SCALE AND TABLE FOR THE VARIOUS UNITS USED IN THE 
LITERATURE TO EXPRESS THE LEVELS OF PLUTONIUM 

CONTAMINATION IN SOIL 
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Tablo D 1 Simpltfid Convonion fabh for tho Various U n a  
U d  in tho Litomturr to €#prom tho L d s  of Plu 
tonium Contamination in Soil 

Pu Activity. d lmh 
in mCi/km' rCi/m' d/m/100 cm'** Dry Soil*** pCi/rt - 

2000 2 0  4 4x  10' 
IO00 1 0  2 2 x  10' 

3 5 0  3 sx 10 ' 7 I X  IO' 
I 00 I o x  10 ' 2 2x  IO' 
so J O X l O '  1 1 x 1 0 '  

400 4 OX IO ' 8 9 X  10' 

2 0  2 OX 10 4 4 X  IO' 
13 I 3 X I O '  29x10'  

I 1 ox 10 ' 2 22x IO'  

4 4 X  10' 

8 9 X  IO' 

2 OX IO' 

4 OX 10' 
2 2 x  IO' I ox IO' 

7 ax 10' 3 5x10' 
2 2x 10' 1 oxloi  
I 1 x 1 0 '  s 0 
4 4  2 0  
2 9  1 3  
0 3 2 2  1 0 x 1 0 '  

' The  values are based upon a soil density of I g/cm' at I depth 
of I centimeter 

d/m/cm' assuming a ,011 density of I g/cm' at a depth of I 
centimeter 

' *The values are based on the relation 1 d/m/g dry soil = 

***The units in which the results of soil sample analyses are reported 

t'lhcrrluer are based on the relation I pCi/g 3 2 2 d/m/g dry roil 

Note The activit) in mCi/km' wll simply be increased by a factor 
equal to the depth of the vmple e g 4 centimeters deep 
wll give 4 times the activity rsruming a uniform distnbution 
of 8EtiWtY 8s a function of depth 
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TRIP REPORT 

J R Seed e T H E  DOW C H E M I C A L  C O M P A N Y  

November 9 1970 

L M Joshel 

TRIP REPORT NEVADA OPERATIONS OFFICE 
(PLUTONIUM IN SOIL PROBLEMS) 
NOVEMBtR 2 AND 3 1'170 

I Contdcis 

USAEC 

Arthur J Whttnidn 
Donald W Hendrichs 
Ross L hinnanian 
Paul J hludrd 

USPHS - SWRHL 

Me1 W Carter 
Jim Mullins 

Lcs Dunn 

REECO ~ T L S I  Stte) 

Arden E Bichcr 
Derek Engstrom 
Leonard Sygitowicz 
Terry Rov 

I 1  Topics Covered 

Radiologicdl Sdlety Brdnch 
RJdiological Safety Branch 
Etfects Evaluation Office 
Operdiions Division 

Ldbordtork Director 
Dcpu~i  Chief -\nalvticd 

t n \  IronineniJI SiirvLL 
Division 

En\ ironniental Services 
Chemistry L3bor~tory 
Chemistry L.iboraiory 
Site Survey 

A Extent of Test Site Plutonium in Soil Problems 
On Site (REECO + NVO) 

B Extent o f  Plutonium in Soil Problem 'Off Site 
(NVO + USPHS - SWRHL) 

C Soil Analysis and Sampling Problems 
(REECO + USPHS - SWRHL) 

ROCYY FLATS DIVISION 
P 0 DOX 8 8 8  

GOLDEN COLORADO 80401 

D Soil Stablluation Activities 
(REECO) 
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E The Formation of a Nevada Applied Ecology 
Group - Subcommittee on Plutonium 

Chairman Wright Langham (LASL) 

Members Chet Richmond (LASL) 
W J Bair (BNWL) 
J L Olson(LRL) 
Evan M Romney (UCLA) 
J 'H Hedy(LASL) 
Otto G Raabe (Lovelace) 

111 REECO Discussions 

A Plutonium in soils analysis is being done by normal 
radiochemical procedures (2 per day at 565 each) 
and rapid liquid scintlllation method (50 per day 
31 5 IO each) Mr Svgitowict wdl send us a copy 
ot the procedures used for the latter 

B REECO 31 MercuVL has a verv modern well equipped 
and adequatelv snrted radiochernistrv laboratow 

C REECO uses unique electrodeposition cells in 

expensive and disposable 

D REECO is evaluating chemical sod stabilizers as 
follows 

(1 ) PETROSET (Phdlips 66) applied in 1 5 and 
1 IO dllutions Their contact at Phlllips 1s 

Richard Bennett In Bartlesvdle 

(2) DCA 70 (Union Carbide - S 1 75/pUon) 
Applied in 1 40 water dilution Source is 

Tarrytown Technical Center, Saw Mdl River 
Road at Route IOOC, Tarrytown, New York 
1059 I 

, 
A C I I M L  C O N T ~ A C T O R  con V M L  U S  A T O M I C  E N C I G V  C O M M I S S I O N  C O N T I A C T  A T 1  .*-I 1 - 1 1 0 .  

El 
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RFP-INV- I 0 
Appendix E 

( 1 V O R L l G  A 1 I f AiiicricJn ( I I I  ConipJnv) 4 cents onc micron in diameter (Actuallv for etfective 
pcr pound t o r  powdcr ~ n d  2s ~ c i i i s  pcr p 1 1 ~ 1 1 1  

tor  5Or liquid Contact is in Lrcciiwicli 
Conneciiciii  rid mdtrri.d is shipped trom 
Creen BJV Witconsin 

(4,  Thcy havc dccided to c v a l u t e  [lie Dowcll 
products we Jre also considering 

E REECO expressed intercst in an inlorniation ex 
cfiangc meeting and soil sample e u h a n g e  programs 

IV PHS SWRHL Discussions 

A Plutonium in soil analysis by standard radio- 
Lhemical procedures at rate of 2 per day from I gram 
uniples for S50 975 per sarnplc 

B SU RHL I u s  modern well equipped (AEC supplied) 
and adequately stat led laboratorv 

C SURHLplans  to collaborate with Claude Sdl a t  
N R T S  (IDO) in preparation and distribution of 

Thev hope Rocky Flats will be involved 
standard plutonium in sod sample exchdngc 

D SNRHL would like to send Rocky Flats cuts from 
soil samples collected d t  off site locations around 
\'TS They also expressed interest in an information 
exchange meeting on these problems 

V W O  Discussions 

The people from the 3re3 o!!ice were vcrv helplul 
The\ supplied us w,th I x g e  quantities ot rcadine 
mate ia1 on the topic much ot which is not generallb 
avai l~blc  Some more detailed reports on Roller 
Coaster and some unpublished follow up work was 
verv valuable Staf f  reports on Bikini Atoll relating 
to rehabitation and plutonium levels in soil were 
useful One lsland which will not be rehabitated 
because of plutonium in soil (83+ 4 I O  pCilgm) IS 

Eneman Island Lund rhar is conrammared wirh 
levels similar ro that found atvund Rockv Flats is 
considered safe for rehabitation The deepest pene 
tration of plutonium in soli in the Blkini Islands 
(where the humidity is very high) was found to be 
9 inches 

A senes of assumptions w t h  regard to plutonium in 
soli o n  the Islands can be related to  Rocky Flats 

Assume an activity of 1 pCi/gm Assume all 
activity is o n  the surface Assume all particles 

inlialarion particles should be I to 10 microns - 
proiect Roller Coaster showed 85% of particles 
to be credtcr than 10 microns j 

Assume all particles are available for resuspension 
inittalli Assume 10 for resuspension factor 

Conclusion Conservatively total lifetime dose due 
to this plutonium m soil wdl be less than 70 
millirads d safe level 

Project 57 in Nevada showed that the effective half life 
of  high levels of plutonium m soil (based o n  resus 
pension data) was as short as 35 days Later studies 
on lower levels gwe much longer (unavadable) half 
lives 

Some significant notes taken from the report bv the 
Uevada Applied Ecology Group Steering Committee 

I Any extensive 'cleanup of plutonium con 
taminated area should not be initiated until 
extent health unplications and radioecologcal 
significance has been evaluated 

2 This project should have very high prioritv 
"I t  is imperuriue that the program proceed 
without interruption " The program referred t o  
IS the total evaluation, especially sod sampling 
coupled with a Fidler instrument (Gamma) type 
survey 

3 Physicd and chemical characteristics of plu 
tonium in the environment must be studied 
particularlv 

(a)  distribution within soil components 
(b) 

(c) solubdity variables 

radioactivity as a function of particle 
sue 

VI  Some Additional Reports were of interest 

I ' Radiochemical Procedures For  The Determination 
of Plutonium in Environmental Samples ' Apnl 1970 
Danish AEC Research Establishment. Health 
Physics Department, Ruoe,  by Erlk Kjaer Markussen 

2 "Radiation Characteristics of Plutonium 238." 
LASL-3696, October 1 I ,  1967, George M Mattack 
and Charles F Metz 

3 "Documentation of Alpha Contamination a t  the 
Nevada Test Site," Aprd 196 I unpublished internal 

E 2  



report Iron1 REECO i t i  4 E C  d a t ~  coniptled bv 
B L Broun J L Gdrdner h ti Gutnn 
C H Johnston Jnd R J Scanlon cditcd hv 
t- w H.ilct,\ 

Report presents good surnmxv of 2 year histor) 
( 1959 And 1960) at tour dlpha contaminated sites 
Data show some alpha particle penetration down 
to I ’/” inches and only slight resiispension none 
to create significant inhalation health hazards ’ 

4 NVO 162 28 “Radiological Conditions a t  Project 
Roller Coaster 1966 
Surveillance Group REECO Januarv 1967 

by the staff of  Environmental 

Conclusions reached were 

(a) ‘ contamination at the sites of Clean Slates 
I 2 and 3 as well as Double Track is well 
fixed The ground average reading for the 
most part is 100 c l m  over background 

(b) I t  is reasonable to assume that the material 
has not  been resuspended and redistnbuted 
On this basis there does not appear to be anv 
health hazard to the civdian population living 
in the region at this tune 

(c) “1 t is strongly recommended, however, that 
the highly contaminated debris exposed by 
erosion be reburicd or otherwise fixed in 
sini We now have a copy at R o c k y  Flats 

5 Alpha Decontamination Proposal Nevada Test 
Site and Tonopah Test Range 
a proposal from REECO to NVO A t C  

unpubltshcd copv ol 

Proposal discusses studv ot plutonium contaminated 
soils at \TS and Tonopah and testing of soil 
stabiluation techniques Suggested materials are 
DCA 70 and Norlig A The former is a polymer 

RFP-INV- IO 
APPENDIX E I 

H orks on the acidic fraction of soils and applica 
tion mieht cost 8 I1 cents per square vard The 
latter is a calcium liqnosulfate costing about 
4 6 cents per square vard to apply Total COSIS 

are estimated at 5335 per acre The data in this 
proposal were obtained from a U S Bureau of 
Mines report on work performed on uranium ore 
tading at Tuba City, Aruona Actual development 
work by REECO at NTS is only just beginning 
with evaluation of several potential stabiluer 
chemicals 

6 B W L  122 1, “Plutonium inhalation Studies,’ 
W J Bair, February 1970 A Series of lectures 
grven ut Japan in 1969 (Rocky Flats Llbrary has a 

I 

COPY 1 

7 U S B M R l 7 2 8 8  “Chemical Stabiluation of Uranium 
Tailings at Tuba City Aruona * &chard Havens 
and Karl Dean August 1969 (Rockv Flats Library 
WLU order a copy ) 

8 DA PAM 525 5 U S  Army 1969 Mllitary Opera 
tions ‘Dust Control Lessons Learned,” no authors 
listed (Rocky Flats Library wdl order a copy ) 

C T Illsley 
R & D Business & Plans 

J R Seed 
Product R & D 

JRS WJ 

cc 
K W Calkins 
D Hunt 
D T lllslei 
W H Lee 
F J Miner 
J B Owen 
K Pocius 
C W Pdungsrud 
J F Wdlgmg 
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"Soil Sampling East of Intllana Avenue" 
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fNTRODUCl!ION 

Plutonium c o n t a m i n a t i o n  i n  s o i l  east of I n d i a n a  Avenue may bo 

l ess  than what hm been projected for t h e  area. This 14 

s u b s t a n t i a t e d  by t h e  fact t h a t  only 36% of t h e  s o i l  samples 

t a k e n  from t h e  area a c t u a l l y  g i v e  t h e  expected plutonium 

c o n c e n t r a t i o n s .  Therefore, in order t o  better dotarmine t h e  

e x t e n t  of plutonium contaminat ion east of Indiana Avenue, a 

r e q u e s t  was made for  a d d i t i o m l  S o i l  aampling aad a n a l y a i a .  

On November 17, 1972, 20 samples of s o i l  were taken. Thi .  

report i d e n t i f i e 8  tho te8t area, show8 where tho ramplea wore 

t a k e n ,  and de8cribet8 t h e  i n t e g r i t y  of tho moil aampling. 

The T e s t  Area 

The area begina about  800 feet n o r t h  of t h e  e n t r a n c e  t o  the 

plant,  extends south a l o n g  Indiana Avenue about 4400 foot, and 

reache8 eamt i n t o  farm l a n d  about 2000 foot. Tho -08 ia 

h i l l y  and C O m i 8 t 8  o f  undeveloped grru8laad and plovod, fer t i l e  

soil. Plutonium c o a t u i n r t i o n  i n  t h e  area la m8tiut.d t o  

be k t n o a  SO aCi /b '  and 100 m C i / h ' .  

~ 

From Hay of 1969 through January of 1972, tho area r u  rampled 

14 t-8. Of tho 14 8mph8, Only 5 s8mph8 g8VO t h o  expocted 

plutonium c o n c o n t r r t i o n a .  S i x  amp108 gavo plutoaium concontra- 

t i O M  1088 th8n 80 Icl/hy m d  thr.0 8 8 ~ p l e 8  g8VO 8a81ya.8 

g r o a t o r  than 100 mCI/kmp.  

in Tablo f. 

Tho a ~ l p t I c 8 l  roault8 -0 givoa 
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Sample 
Number 

2-108 
8-33 
B-52 

2-90 
230 
239 
241 
242 
226 
240 
228 
225 
227 
229 

4 

TABLB I: 
Available  Soil Sample h r l y s e s  from tho 

Test Area Ba8t of Indian8 Avenue 

Concentration* 
of Pu-239 i n  

mCi/km* 

2 . 7  
6.3 

1 7 . 6  

22.5 
35.1  
41.8 
59.8 
73.8 
76.0 
78.8 
83.3 
140 
159 
594 

Sample Date 

January 1972 
U p  1969-July 1970 

f* 

January 1973 
July  1971 

f T  

tT 

9T 

?T 

W 

tt 

Property* * 
Marc118 F. Church 

Butler Invest. Ltd. 

f* 

W e  Ce Ackacd 

* For a de-ity o f  8011 1 aad a r o i l  # u p l o  dopth 
of 1 cm. 

$1 On 1130 N o v a -  38, 1973, at  tho Jofforaon Caunty Courthow.. 

. 
r 

- -  -- 

. 
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A d d i t i O M l  Soil  S U p l i n q  

The latest Soi l  8 M p l i n g  C O m i 8 t S  O f  20 new sampled, 

map of Rocky Flats (page 5) marked w i t h  X's shows the approxi- 

mate soil  sax~plo locatlona. F i v e  8LLpLpl08 a long  t h e  high temioh 

wires o r  along t h e  s t r 8 i g h t  dauhed l i n e  on t h e  map rill be taken 

at  a later date. Soma of the s o i l  stunplea, such am t h e  four I 

I 
samples east of tho high t e n s i o n  wire., are a c t u a l l y  Out8ide 

t h e  test area. 

Tho 
I 

I 

' I  

~ach  sample consisted of about 150 in' of s o i l  aad small rocka. 

Ten a ~ r ~ ~ p l e a  were taken from unplored, hard, gram-covered ground 

which should glvo good results. 

taken  from plowed field.. 

last plowed, t h e  suount of plutonium in tho samples ahould be 

n e g l i g i b l e .  The80 f O a U l t 8 ,  o f  COurs., dll not rupport t h o  

projected plutonium concentra t ioaa .  

a v a i l a b l e  in December. 

Tho other ten 8aaple8 were 

Depeading on when t h o  field. were 

A n a l p t l c r l  roaulta wU1 be, 

Table  11 l i 8 t 8  tho Condition o f  aoil  8 u p l o d ,  i.e., rhother - I 

. p l a n d  or tmd.r.lopod, a d  t h o  proportp from which t h o  r u p h  

W U  t-. 

e . 



. 



. 

Sample 
Number 

0 
1 
2 
3 
4 
5 
6 
7 

a 
9 

10 
12 
13 
14 
15 
16 
21  
22 
23 
24 
11' 
17* 
l8* 
19* 
20* 

* To 
** on 

TABLE 11 
Additional Soil  $amp108 East o f  Iadiaaa Avenuo ~ 

# 

Condition of 
the Soil  

hard, gra88-covered 
t l  

f?  

Plowed 
l* 

w .  

W 

W 
. 

?? 

11 

11 

hud, gru.=C0verod 
t l  

n 

W 

Propert p** 

City of Broomfield 
Butler Iave8t. Ltd. , 1. C. Ackard 

Butler Iaveut. L td . ,  W. C. Ackard 
t? 

1t 

11 

Marc- F. Church 
11 

l? 

t l  

11 

Butler Inveat. Ltd. , 1. C. Ackard 
I 

t1 

Marcur F. Church 
t l  

t l  

Butler Inveat, Ltd. ,  W. C. A c k u d  

g. Kippur, I. Kfppur, and L. Gordon 

11 

Standloy L a o  Land Copprrr]r 
C i t y  o f  Broomfield 

Butlor Inveat. Ltd.# W. C. Ackard 
w 

81 

-1 Po Br8UCh 

8 

be taken. 
file N0vorb.r 38, 1972, at tho Jefformon County - 

C O W t h o t u O .  

c 
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Adjacent to the Rocky Flats Plant Site" 
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C. T. Illsley 
Enrlronmental Analysts and C o n t r o l  

'September 7,  1977 
rev. November 30, 1979 
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RCSULTS OF ARAlYStS FOR 
SPECIAL SOIL  SAMPLIES C O l L E C T t O  

ADJACENT TO THE R O C K P  C U T S  PLANT 3 1 T t  , 

r 

f ! / A h  

Rockwall International 
Rocky Flats Plant 
lolden, Colorado 

k' I 
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Twontpfluo r o l l  samples co l lec ted  In August,  1976, by Lber l lne  
tns t rummt Co rpo r r t l on  personnel u s l ng  t he  Rockwell 
I n te rnat tona l  r o l l  s rmpl lng  technlque were se lected  for spec ia l  
ana ly ses ,  S e l e c t l o n  was made on a random b a s l r  from each o f  the 
SIX land pa r ce l s ,  

Two of  the f l v e  s l tes  In Sect ion 6 (Great Western Ventures 
Property)  were se lected.  Two o f  the four  s i t e s  in Sect ion 9 
(Church Property) ,  two o f  the s i x  s l t e s  i n  Sec t l on s  21 and 22 
(Church Proper ty ) ,  f l v e  o f  the 20 s l t e s  i n  Sectton 23 (Church 
Property) ,  and four  o f  the 16 slter i n  Sec t l on  24 (Church 
Property)  were se lected.  F i v e  o f  the 22 s l t e r  I n  Sectlow 7 and 
16 (Good and A s soe l a te s  Property)  were se lected.  These 
selections prov lded  a minlmum o f  23% o f  the  sites In each land  
parcel  . - 

Samples were also I n c l uded  from the background s i t e s  a t  Llmon, 
Llvermore, Crook, Penrose, and Lathrop S t a t e  Park. 

A l l  samples had rece lved  p r e r n r l y s l s  treatment i n  the Eber l lne  
Laboratory  I n  Albuqu8rque. Thls  treatment Inc luded  d r y i ng  a t  
llO°C, s c reen ing  through a 10 mesh s l e w ,  horogenlt fng,  
s p l l t t l n g  I n t o  two f r r c t l o n s  and b a l l  ml111ng one fraction, One 
hundred g r a m  p o r t i o n s  o f  the  b a l l  m l l l e d  mater la l  were placed fn 
16 ounce p l r s t l c  b o t t l e s  f o r  a n a l y s i s *  

F l v e  sa.01er were se l ec ted  on a random b a s l s  for a n r l y s l s  by tke 
Wealth S w r l c e r  Laboratory ,  Energy Research and Development 

w l t R  a gamma spectrometr lc  system u t l l l t l n g  a l i t h i um  d r i f t e d  
germanium detector  and p u l r 8  helght analyzer.  V r r lour  i sotopes  I 

o f  uranium, thorlum, and plutonium were determined by r l p k r  

rpectro%copy a f t e r  r ad l o che r l c r l  r epa ra t i on s .  Separrttonr 
involving urrn lum and p l u t on l un  requtrcd the use o f  t S O t O R I C  

t r r c e r s  t o  co r rec t  f o r  less thrn 100 percent r c c o v e r l 8 s  in the 

chemical procedure. 

Adn l n l s t r a t i o n ,  Idaho falls, Idrho, Cerium-137 u ~ S  determln8d 



tho ontlro group of 8s Sraphs was dnrly88d by two laboratories 

gormrntum detoctor rnd Ortec 6240 au1tichrnnol pulso helght 
rnalyior, was perforrod In the Environrentrl Science Ltborrtory, 
Etch gamma spectrum was Interpreted by means o f  the Ortec gamma 
rnrlysls coaputer prograas on a POP-ll/OS computer. The 
tollowlng nuclldos woro conclusively Identified in the srmples* 
"*Th , 226Th , 226R8, 13'Cs, and 'OK. 
all nrturrlly occurring ercept 13'Cs, rh lch  it a rorldwido 
fallout product o f  rtmosph~ric nuclear werpons testing. 

48 Rock# F1LtSr @10(18 8p8CtPO8COP~, Utflltlng 4 1fthlur drifted 

Theso radionuclides are 

Samples were analyzed for Isotopes o f  urrnlua, thorium,, 
neptuniua, and curturn by 8lpha spectroscopy, following 
rrdlochemlcrl S8girrtlOnS and purlficrtlont in tho General 
Service Laboratory. Lest than complete recoveries were 
corrected for  by the use of  urrnlum-232 for urrnium-238 rnd 234. 
Other recoveries uere checked by the method o f  additions in 
which 8 known 8 m m t  of  the Isotope being souqht is added to t h e  

srnp 1 . 
Strontium wrs doterminod by beta counting after sample solutions 
uere treated to reparato 8nd purlfy strontlum-89, strontium-90, 
and yttrium-90. 



¶ . 4 

tho rorult8 o f  rnrtyrO8 porlorrod r t  Rocky flat8 aro prosoatel 
ln TWr 1. Thoro rorultr repreront drtr for the followin9 
rrdlonuclldor: 
237Mg. %m, ”tr,  g O ~ r ,  ***Ra, rnd ‘OK, 
crlcvlrtod for various prirr rnd these valuer are shown In Table  
I. 

137cs * 238” * 234” 0 232th. “‘Th , “‘Th, 22*Th0 

Isotopic ratios uere 

The data on plutonlum concentrrtlons shown In Table I w e  fror 
rnalyros performed by Eberline Instrument Corporation. 

The results of anrlyses performed a t  the EROA He8lth Serv ices  
Laboratory In ldrho a r e  presented In Table 11. Oat8 from Rocky 
F l a t s  and Eberline analyses are repeated In Table 1 1  f o r  
comparative purpo,es. 
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0 1 scuss 1 on 

the rerultc show anticipated cohantratlons for rlt 
trdtonuclides nerrured In this ser ies  of rpeelrl rn8lyses. 
Rrtlor o f  v~rlout palrr of rrdlonuclldes also Illustrate the  

norarlcy of drtr. The eesiua-to-plutontun rrt lo yields a nern 
of 31 o v e r  the range <1 to 130 for rll rrnples. The extrene 
value represents the t o l l  from Crook, COlOrrdO, when the 
plutonium concrntrrtlon was nerrured at o n l y  0.01 diSlfttegr8tlOn 
par mlnute per qt8n (d/n/g). T h 8  nern of 31 should be compared 
to the value of 48 calculated by Michels and Miller f o r  t h e  

Denver arm. 

4 

1 

I 

e 

The results f o r  238U fa11 into the rrnge from 2.3 to 1.5 d/n/g 
rlth r mern value of 3.4 d/m/g. This Is equlvalent to 5.6 parts 
p e r  milllon (ppm) ,  by weight, whlch Is to be expected I n  rolls 
derived from bedrock in the front Range. These rocks typically 
contain from 1.8 to 1.6 ppn uranium2 and there are ore 
concentrrtlons at locations, such as the fehwrrttwrldrr urtniun 
mine. 
equillbrlum betwren parent and descendant. Th8 mean rrtlo of 
230Th t; 238U 1s only 0.6, however, Indlcrtlng sep&rrtlon of 
the two rrdlonuclldes. It appears thrt the more mobile uranlum 
has becore separated durlng weathering processes froa the less 
nobile thorlun daughters. This eoncluslon I s  not born8 out by 
the nern ratio of Z2%a to 238U wklch Is 1.2. Radium-226 1 %  8 

descendant of 230Th . 

The mean rrtlo of 234u to 238U Is 1.1 which Indicates 

Slnllrr drtr were deternlned t o r  nrtural thorlum. The activlty 
of 232th u&s found to b e  within the range from 1.3 to 9.6 a/m/g/ 
wlth a awn o f  3.1 d W g .  Thlr value Is equivalent to 12.6 3pn. 
by wetght o f  thortun, The reported concentrations of thori,m In 
front Rrnye r o c k s  art in the range between 9 and 36 p p n ,  u q e b  r 
mean o f  22.7 ppn.' 

to be 1.1, whlch Indicates near equlllbriun In the thorlum ?@cry 
s e r i e s ,  

The mccn ratlo o f  '*'Th to 232Th was f r , r l d  
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tho rwult8 for t311pado not lndlcito tho pro$onc@ of  th ls  
rodhruelldo I s  80111 surroundlng Rocky I l i t 8 ,  tho r l f i l r u r  
dotOct4bh m o u n t  by t h o  procoduro u$od u i s  0 , Z  d/m/g, tk8 
htglrwt vr luog r o r s w o d  uoro 0.3  d/r/g for s r r p l o  #It#$ 28 and 
80 wtth s t i n d r r d  d o v l r t l o n s  o f  0,4 and 0 ,2  d/rr/g, r o ~ g o c t l v o l y .  

the ~ $ o l t ~  for *"Cn &PO sirllrr to  thoso  for nogtunlun,  
of tho d r t 4  iro not s l g n l f l c r n t l y  groator  t h r n  tho rrlnlnum 
dotOctlbh i r o u n t  of  O , b  d/m/g, 
40 crnnot  bo o x p h i n o d  o r c o p t  on tho  basis o f  posslblo 
c o n t r m i n r t i o n  i n  t h a  m 8 l y t i e r l  l r b o r r t o r y .  

Most 

On0 v r l u o ,  1A  d / r /g ,  lor s i t 0  

Tho r o n r f t i v i t y  o t  tho rrdiochomicrl procedure for stront ium 
rllowod o n l y  g o n o r r l  s c r o o n l n #  r n r l y s o $ ,  Tho i s o t o p e  "Sr was 
not  dotoctod In  m o u n t s  g r o r t o r  than tho nlnlrun d o t e c t r b l o .  
Tho i s o t o p e  '*Sr wrs dotoetod i n  only  two of tho  2 %  srnplos. 
Tho s u p l o  from Llnon, Colorado showod 13 d l n l g  rnd tho srrplo 
from s i t e  72 showed 16 d/m/g, c o n p i r e d  t o  r l n l r u r  d o t o c t r b l o  o f  
10 d/m/go 

Tho rango of  r c t i r l t y  for t h o  n r t u c r l l y  occurriag r r d i o i r o t o p o  
o f  p o t r s $ l u m ,  'ON, YIS  Worn 20.2 t o  SO.6 d/r/g,  with r morn of 
M.2 d/a/9, Thoro v r l u w  rre n o r n r l  for s o i l s  dor ivod froo 
cocks c o n t i l n t r g  ~ o t e s s l u m  i n  th8 r r n g a  botwaocr two and s i #  
poreant el uo 9)rt. 
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ABSTRACT 
4 

The Colorado Department o f  Heal th  has eva luated  levels  o f  r a d i o a c t i v e  
plutonium and cesium i n  s u r f a c e  soil around t h e  Rocky F l a t s  Nuclear  
Weapons P l a n t .  Plutonium contaminat ion levels found are e s s e n t i a l l y  
t h e  same as repor ted  i n  previous  years. While it  i s  n o t  p o s s i b l e  t o  
state c o n c l u s i v e l y  t h a t  i n d u s t r i a l  o p e r a t i o n s  o r  a c c i d e n t s  a t  Rocky 
Flats have n o t  c o n t r i b u t e d  any cesium-137 t o  t h e  environment, a l l  radio-  
active cesium levels determined are w i t h i n  t h e  range o f  v a l u e s  a t t r i b u t a b l e  
t o  world-wide f a l l o u t  

Also presented  i n  t h i s  r e p o r t  is a v e r y  b r i e f  e v a l u a t i o n  o f  t h e  soil 
c o l l e c t i o n  and s e p a r a t i o n  procedure used by D r .  Carl Johnson, J e f f e r s o n  
County Health Department. 
t h e  high v a l u e s  which were r e p o r t e d  by D r  Johnson, it appears t h a t  t h e  
s e p a r a t i o n  procedure alters  t h e  plutonium and cesium c o n c e n t r a t i o n s  and 
t h e  r a t i o  o f  t h e  two. 

While not  complete enough t o  f u l l y  e x p l a i n  



INTRODUCTION ASD HISTORY 

Atmospheric t e s t i n g  o f  nuclCar weapons by several n a t i o n s  has r e s u l t e d  
i n  t h e  world-wide d i s t r i b u t i o n  o f  measurable q u a n t i t i e s  of man-made 
r a d i o a c t i v e  materials t o  t h e  environment s i n c e  t h e  early 1950 ' s  Over 
t h e  e a r t h ' s  land masses most o f  t h i s  material set t les  on t h e  soil and 
then i s  t ranspor ted  through t h e  environment depending on i t s  p h y s i c a l  
acd chemica l  form, t h e  type o f  soil, amount o f  mois ture ,  type o f  
v e g e t a t i o n ,  and u s e  o f  t h e  land. O f  pr imary long term concern t o  h e a l t h  
are t h e  long  h a l f - l i f e  materials Plutonium-239 (a component o f  t h e  
weapons), Cesium-137 and Strontium-90 (which are products o f  t h e  f i s s i o n  
p r o c e s s ) .  These materials, if i n c o r p o r a t e d  i n t o  t h e  human body, p r e s e n t  
a p o t e n t i a l  long term r a d i a t i o n  hazard.  

Plutonium as r e l e a s e d  from weapons and depos i ted  on t h e  e a r t h  is 
p r i m a r i l y  i n  i t s  ox ide  form (PuOz) which is a h i g h l y  i n s o l u b l e  material 
and, hence ,  is r e l a t i v e l y  immobile i n  t h e  environment as far as chemica l  
p r o c e s s e s  are concerned In a d d i t i o n ,  uptake of plutonium in t h e  
d i g e s t i v e  system is v e r y  low. Consequently,  t h e  major  pathway f o r  
exposure o f  popula t ions  t o  plutonium is resuspension from t h e  soil, 
i n h a l a t i o n ,  d e p o s i t i o n  in t h e  lung,  and subsequent t r a n s l o c a t i o n  t o  t h e  
bone and o t h e r  organs.  

Cesium and s t ront ium,  on t h e  o t h e r  hand, are chemica l ly  similar t o  
materials such as sodium, potassium and calcium which form s o l u b l e  
salts  and are r e a d i l y  a v a i l a b l e  (at least i n i t i a l l y )  f o r  chemical  
t r a n s p o r t  i n  t h e  environment. 
on p l a n t s  may b e  e a t e n  and absorbed i n  t h e  bodies  o f  humans o r  animals  
o r  t h e  materials may b e  taken  through t h e  r o o t s  o f  t h e  p l a n t s  and r e a c h  
man i n  t h a t  manner. 
human exposure ,  is g e n e r a l l y  cons idered  t o  b e  an i n s i g n i f i c a n t  means 
compared t o  t h e  i n g e s t i o n  pathway f o r  t h e s e  elements. 

R a d i o a c t i v e  cesium and s t ront ium depos i ted  

I n h a l a t i o n ,  w h i l e  i t  w i l l  c o n t r i b u t e  s l i g h t l y  t o  

While world-wide f a l l o u t  o f  t h e s e  materials h a s  been measurable s i n c e  
a t  least  1 9 5 4 ,  i t  reached a peak during t h e  y e a r s  1963-1964 and has  
dropped off  r a p i d l y  s i n c e  (See  F i g u r e  1). T h i s  is explained by t h e  
e x t e n s i v e  n u c l e a r  t e s t i n g  conducted by t h e  U.S and t h e  U . S . S  R 
immediately proceeding t h e  n u c l e a r  t es t  ban t r e a t y  of 1962. Atmospheric 
t e s t i n g  conducted by France and China in the years since 1968, has not 
had a s i g n i f i c a n t  impact  on t o t a l  d e p o s i t i o n  though i t  has  undoubtedly 
i n f l u e n c e d  the rate o f  d e c r e a s e  in f a l l o u t  levels. Considerable  d a t a  
on wotld-wide f a l l o u t  has been generated  by t h e  Heal th  and S a f e t y  
Laboratory  o f  t h e  US ERDA and is a v a i l a b l e  i n  t h e i r  q u a r t e r l y  r e p o r t s .  
A d d i t i o n a l  In format ion  may b e  found i n  t h e  PHS and EPA R a d i o l o g i c a l  
Health Data and Reports .  

I n  1 9 7 0 ,  fo l lowing  t h e  d iscovery  by M a r t e l l  o f  plutonium contaminat ion 
i n  t h e  v i c i n i t y  o f  Rocky Flats  Nuclear  Weapons P l a n t  northwest  of 
Denver, c o n s i d e r a b l e  soil a n a l y s i s  was performed i n  t h i s  area. The 
e x t e n t  o f  t h i s  plutonium contaminat ion was r e p o r t e d  by Krey and Hardy 
(HASL-235, US AEC, Heal th  and S a f e t y  Laboratory ,  August 1, 1970) and 
by P o e t  and Martell (Health P h y s i c s ,  V o l .  23, pp 537-548, 1972) .  

, 
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A l t h o q h  t h e  o r i g i n a l  s u s p i c i o n  was thzt  t h i s  plutonium wzs r e l e a s e d  
during one o f  t h e  major  fires at  t h e  p l a n t  (1957 o r  1 9 6 9 1 ,  both of  t h e  
akoTe r e f e r e n c e d  art icles  conc lude  t h a t  a m a j o r i t y  o f  t h e  e l e v a t e d  
p l u t o n i m  l e v e l s  are due t o  l e a k a g e  o f  olutonium contaminated c u t t i n g  
o i l  from d r u m  s t o r e d  i n  t h e  i o u t h e a s t  c o r n e r  of t h e  p l a n t  fron 1958 
u n t i l  1968 The contaminat ion  was then spread in an east - southeas ter11  
d i r e c t i o n  (F igure  2 )  by t h e  p r e v a i l i n g  a n d s  The h i g h e s t  l e v e l s  o f  
contarinatEd s o i l  on t h e  p l a n t  s i t e  h m e  s i n c e  been covered by a l a y e r  
o f  a s p b a l t  t o  decrease a d d i t i o n a l  d i s F e r s i o n .  

I n  a d d i t i o n  t o  r e p o r t i n g  c o n c e n t r a t i o n s  o f  plutonium-239 i n  s o i l  samples 
c o l l e c t e d  i n  t h e  area around Rocky F l a t s  and o t h e r  areas of  t h e  s tate ,  
P o e t  a r d  I f a r t e l l  ana lyzed  most o f  t h e i r  s o i l  samples f o r  strontium-90.  
These va lues  are r e p o r t e d  and t h e  2 3 9 P ~ / 9 0 S r  r a t i o  used t o  determine 
the  e x t e n t  o f  plutonium contaminat ion due t o  i n d u s t r i a l  o p e r a t i o n s  
a t  the Rocky F l a t s  P l a n t  as opposed t o  world-wide fallout There 1s no 
i n d i c a t i c n  from t h i s  d a t a  t h a t  strontium-90 s o i l  contaminat ion  o r i g i n a t i n g  
f r o n  p l s n t  o p e r a t i o n s  e x i s t e d  at  t h e  time o f  sample c o l l e c t i o n  (1969- 
1978) 

As a r e s u l t  o f  t h e  1969  f i r e  a t  Rocky F l a t s  and t h e  d i s c o v e r y  o f  o f f - s i t e  
plutonium coqtaminat ion  due t o  p l a n t  o p e r a t i o n s ,  t h e  Colorado Oepartment 
o f  Heal th  i n i t i a t e d  a n  e x t e n s i v e  environmental  moni tor ing  program 
This monitoring has inc luded t h e  sampling o f  a i r  p a r t i c u l a t e s  on a continkous 
2r hour Fcr day b a s i s  s i n c e  May, 1 9 7 0 ,  water i n  t h e  d r a i n a g e  b a s i n s  
c r c s s i n g  the p l a n t  on a grab  sample b s s i s  s i n c e  1 9 6 9 ,  and s u r f a c e  s o i l  
on an annual grab sample b a s i s  s i n c e  1970. 

Air a n d  Eater samples have been analyzed f o r  t h e  p r e s e n c e  of b e t a  
e m i t t i n g  isotopes (which i n c l u d e  most oE t h e  f i s s i o n  products  o f  
i n t e r e s t )  as s e l l  as composited f o r  plutonium a n a l y s i s .  S u r f a c e  s o i l  
samples have been ana lyzed  f o r  plutonium, uranium and b e r y l l i u m  

In r e c o g n i t i o n  of p o t e n t i a l  i n h a l a t i o n  hazards due t o  t h e  o f f - s i t e  
plutonium contaminat ion in s o i l  and t h e  i n c r e a s e d  u s e  o f  land i n  the 
\ i c i n i t v  o f  the Rocky Flats  P l a n t ,  t h e  Colorado Board o f  Heal th  adopted 
i n  1 9 7 3  an interim s t a n d a r d  f o r  plutonium levels in s u r f a c e  s o i l  Land 
areas e x c e d i n g  t h i s  level o f  2 dpdgrn of s u r f a c e  s o i l  are r e q u i r e d  t o  
r e c e i v e  remedia l  treatment t o  lower the c o n c e n t r a t i o n  p r i o r  t o  t h e i r  
r e l e a s e  fcr  r e s i d e n t i a l  use .  The h e a l t h  r i s k  due t o  i n h a l a t i o n  o f  
resuspended surface s o i l  contaminated with plutonrum at t h i s  level 
based on measurements of whole s o i l  and a s s o c i a t e d  time averaged t o t a l  
a i r b o r n e  c o n c e n t r a t i o n s  has  been  eva luated  p r e v i o u s l y  by t b i s  Depart- 
ment ("A F i s k  E v a l u a t i o n  f o r  t h e  Colorado Plutonium-in-Soi l  Standard",  
Jancarv ,  1976). 

I n  1 9 7 5 ,  Dr Carl Johnson ( D i r e c t o r ,  J e f f e r s o n  County Heal th  Department) 
presented  a r e p o r t  t o  t h e  Board o f  County Commissioners o f  J e f f e r s o n  
Countq which c o n t a i n e d  a proposa l  o f  a "new s tandard  t o  d e f i n e  a p o t e n t i a l  
a i r b o r n e  - plutonium p a r t i c l e  hazard i o  terms o f  t h e  c o n c e n t r a t i o n  of 
plutonium ir r e s p i r a b l e  dust" .  His theory  and t h e  r e s u l t s  of  a n a l y s e s  
perforned on a number o f  samples were subsequent ly  publ i shed  (Johnson, 
T i d b a l l ,  Severson,  "Plutonium Hazard i n  R e s p i r a b l e  Dust on the Sur face  
o f  Soil', S c i e n c e ,  Vol. 1 9 3 ,  pp 488-490). T h i s  procedure  i n c l u d e s  

- 3- 



FIGURE 2 

c 

Figure 2 4-24 Plutonium-239 Contours Around Rocky Flats (rcilmt) 
(adapted from b e y ,  1970) 

U9TC T\rs nap was taken from t h e  Draft Environmental Impact 
Statement,  Rocky Flats P l a n t  S i t e ,  Golden, Colorado,  
Vel 1, September 1977 The v a l u e s  on t h e  i s o p l e t h  
curves are t o t a l  inventory  deposi t ion  values  as cal- 
c u l a t e d  by Krey and Hardy, HASL-235, 1970. 

-- 
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sweeping t h e  s u r f a c e  o f  t h e  soil with  a c l e a n  brush o r  wisk broom t o  
o b t a i n  a p o t e n t i a l l y  resuspeifdable soil f r a c t i o n ,  dry s i e v i n g  o f  t h e  
s o i l  c o l l e c t e d  t o  o b t a i n  a < 2  nrm f r a c t i o n ,  fo l lowed by an aqueous 
hydrogen perox ide  d i g e s t i o n  t o  remove s o l u b l e  salts  and organic  
materials, t rea tment  wi th  an u l t r a s o n i c  probe t o  des t roy  soil agg- 
regates, and aqueous sedimentat ion t o  o b t a i n  a f r a c t i o n  o f  s o i l  which 
is d e f i n e d  by D r  It is t h i s  f r a c t i o n  o f  soil 
which i s  then analyzed f o r  plutonium. 

Johnson as r e s p i r a b l e .  

A r e p o r t  prepared by R.L. Murri e n t i t l e d  "Gamma Analys is  o f  Plutonium 
Contaminated Soil at Rocky F l a t s "  (Murri ,  ES-376-77-197, Rocky Flats  
P l a n t ,  January 10, 1977)  concluded t h a t -  

" . The fo l lowing  n u c l i d  were i d e n t i f i e d  n a l l  t h e  
s a q l e s  228Th, 232Th, 'j6Ra, 137Cs, and "K. Only 
1"Cs was present i n  g e n e r a l l y  l a r g e r  amounts i n  t h e  
s ix  test samples than t h e  background samples Also, 
241Am was found e x c l u s i v  y i n  t h e  s ix test  samples, 
as was expected.  ..The '"Cs r e s u l t s  should b e  f u r t h e r  
s t u d i e d  t o  e s t a b l i s h  i t s  s i g n i f i c a n c e . "  

T h i s  s tudy c o n s i s t e d  of s i x  s u r f a c e  soil samples c o l l e c t e d  i n  a small 
area east o f  t h e  a s p h a l t  pad known t o  b e  contaminated wi th  plutonium, 
and six background samples (3  n e a r  t h e  west p l a n t  boundary and 3 a long  
R a l s t o n  Creek t o  t h e  west o f  t h e  p l a n t  s i te) .  

As a resul t  o f  t h i s  r e p o r t  and a subsequent r e p o r t  by D r  
(Report  t o  t h e  J e f f e r s o n  County Board of H e a l t h ,  March 3 1 ,  1977)  
t h a t  a n a l y s i s  of  four of h i s  " r e s p i r a b l e  dust"  samples y i e l d e d  s i g n i f i c a n t  
non-homogeneity o f  r e s u l t s  and one sample wi th  a "large amount" o f  
137Cs, t h e  Colorado Department o f  Heal th  undertook an e v a l u a t i o n  o f  
cesium-137 i n  t h e  s u r f a c e  s o i l  samples c o l l e c t e d  as p a r t  o f  t h e  1977 
Rocky F l a t s  S u r v e i l l a n c e  E f f o r t .  

Carl Johnson 

T h i s  paper  i s  presented  as a r e p o r t  on t h a t  e v a l u a t i o n  and i n c l u d e s  
b o t h  t h e  plutonium and cesium-137 r e s u l t s  obta ined  I n  a d d i t i o n ,  t h i s  
Department h a s  reviewed d a t a  from o t h e r  s o u r c e s  r e l a t i v e  t o  t h i s  s u b j e c t ,  
and h a s  eva luated  (though n o t  complete ly)  t h e  procedure used by D r .  
Carl Johnson t o  determine what effect ,  if any ,  it might have had on t h e  
plutonium and cesium c o n c e n t r a t i o n s .  

I. 
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PROCEDURES 

t 
Sample C o l l e c t i o n .  

S u r f a c e  soil samples were c o l l e c t e d  by t h r e e  d i f f e r e n t  procedures as 
part of  t h e  1 9 7 7  soil survey The c o l l e c t i o n  methods used were t h e  
"Colorado Department o f  Heal th  method", t h e  o l d  "CDH spoon method", 
and t h e  " D r  These methods are d e t a r l e d  as 
fo l lows  

Johnson sweeping method" 

me "Colorado Department o f  Health method", which has  been used f o r  t h e  
last  two years, u t i l i z e s  a template  which o u t l i n e s  a 2 cm x 3 cm area and 
c o l l e c t s  t h e  top  0 3 c m  (1/8") o f  s o i l  w i t h i n  t h a t  area. 
indiv idual  samples are c o l l e c t e d  and composited i n t o  one sample t h a t  i s  
analyzed for t h e  area. An attempt i s  made t o  c o l l e c t  undisturbed s o i l ,  
however, no in format ion  on soil h i s t o r y  i s  obta ined  The remote area 
samples ( B u r l i n g t o n ,  Crooke, Limon, Livermore,  Loveland,  Penrose ,  Spring- 
f i e l d  and Walsenburg, See F i g u r e  3) are c o l l e c t e d  a long  roads and highways 
leading t o  or from t h e  g iven  communities, w i t h  i n d i v i d u a l  samples taken 
a t  approximately one mile i n t e r v a l s  S i d e  roads  are u t i l i z e d  where 
necessary  t o  l o c a t e  undisturbed s i t e s  Samples w i t h i n  t h e  t h i r t e e n  
Rocky F l a t s  S e c t o r s  are c o l l e c t e d  more or less a t  random and composited 
(F igures  4-7). 

Twenty-five 

The "Colorado Department o f  Heal th  spoon method" o f  c o l l e c t i o n  c o n s i s t s  
of scooping s u r f a c e  s o i l  t o  a depth o f  approximately  1/8" with  a spoon 
Sampling by t h i s  method was conducted i n  S e c t o r s  1, 2,  6 and 7 a t  t h e  
same i n d i v i d u a l  s i tes  (dots  in Figure  3) as t h e  CDH method. 

The "Dr Johnson method", which was d e s c r i b e d  i n  S c i e n c e ,  V o l  193, 
c o n s i s t s  of sweeping t h e  s u r f a c e  o f  t h e  s o i l  w i t h  a brush or broom and 
c o l l e c t i n g  s o i l  from w i t h i n  a 4 square meter area. For  t h e  remote 
l o c a t i o n s ,  one s i t e  was s e l e c t e d  near  e a c h  community. I n  t h e  t h i r t e e n  
s e c t o r s  t h i s  procedure  o f  Johnson, et .  a1 , was modified s l i g h t l y  i n  
t h a t  c o l l e c t i o n s  from more than one s i t e  were composited f o r  t h e  s e c t o r  
sample, t h e  area o f  each  c o l l e c t i o n  b e i n g  a d j u s t e d  such t h a t  t h e  t o t a l  
was 4 square  meters. S e c t o r s  I, 2 ,  3, 4 ,  6 and 7 c o n s i s t e d  o f  e i g h t  
i n d i v i d u a l  samples w h i l e  S e c t o r s  5, 8, 9 ,  10, 11, 12 and 1 3  c o n s i s t e d  
o f  f o u r  each  ( S e e  F i g u r e s  5-7, "J" i n d i c a t e s  s i te  sampled by t h i s  method). 

Remote s i tes  were c o l l e c t e d  A p r i l  11-15 ,  1977 (except  Walsenburg, February 
18). The s e c t o r  samples were c o l l e c t e d  dur ing  May. 
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FIGURE 4 
CDH SOIL SURVEYS - SECTOR LOCATIONS 
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FIGURE 5 

1977 SOIL SURVEY - SAMPLIXG LOCATIONS 
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Sample P r e p a r a t i o n  

a 

F o l l o w i n g  c o l l e c t i o n ,  a l l  'samples were weighed,  t h e n  oven d r i e d  
o v e r n i g h t  (103OC) and dry s i e v e d  
s t i c k s )  which f a i l e d  t o  pass a 2mm s c r e e n  was d i s c a r d e d  The remaining 
material was mixed and d i v i d e d  by c o n i n g  and q u a r t e r i n g  t o  y i e l d  a 
sample o f  a p p r o x i m a t e l y  20-30 grams t o  b e  ground f o r  plutonium a n a l y s i s  
G r i n d i n g  was performed i n  an a u t o m a t i c  m o r t a r  and pest le  w i t h  app- 
r o x i m a t e l y  2 grams used f o r  e a c h  plutonium a n a l y s i s  One hundred 
grams o f  t h e  unground, less t h a n  2m soil was t a k e n  f o r  cesium a n a l y s i s  
R e p l i c a t e  cesium a n a l y s e s  were performed on a d i f f e r e n t  a l i q u o t  of t h e  
less t h a n  2mm s o i l  

Any material ( i n c l u d i n g  r o c k s  and 

P a r t i c l e  S i z i n g  

R e p r e s e n t a t i v e  samples o f  soil ( a p p r o x i m a t e l y  80-100 grams e a c h ) ,  
c o l l e c t e d  b y  t h e  CDH method in S e c t o r s  2 and 3, Limon and Loveland 
were t a k e n  f o r  c o l l e c t i o n  o f  t h e  "less t h a n  5um" f r a c t i o n  used by 
D r  Johnson T h i s  s e p a r a t i o n  was performed by CDH i n  c o o p e r a t i o n  w i t h  
t h e  J e f f e r s o n  County H e a l t h  Department,  and in t h e  f a c i l i t i e s  o f  t h e  
U S G e o l o g i c a l  Sunrey f o l l o w i n g  t h e  p r o c e d u r e  used by t h e  J e f f e r s o n  
County H e a l t h  Department T h i s  p r o c e d u r e  i n v o l v e s  a p e r o x i d e - h e a t  
d i g e s t i o n  f o l l o w e d  b y  u l t r a s o n i c  v i b r a t i o n ,  s e d i m e n t a t i o n  and f r e e z e  
d r y i n g  as d e s c r i b e d  i n  d e t a i l  in Appendix I1 A d d i t i o n a l  samples c o u l d  
n o t  b e  r u n  due t o  t h e  n e c e s s i t y  t o  r e t u r n  e s s e n t i a l  borrowed equipment. 

Plutonium A n a l y s i s  

All s o i l  samples  were a n a l y z e d  f o r  p l u t o n i u m  by a l p h a  s p e c t r o s c o p y  
f o l l o w i n g  a p r o c e d u r e  ( S e e  Appendix 111) b a s e d  on t h a t  o f  T a l v i t i e  
(Anal  Chem 43 1827-1830, 1 9 7 1 ) .  T h e  minimum d e t e c t a b l e  a c t i v i t y  
f o r  plutonium-239 i s  0 02 dpm/gm. 

Cesium A n a l y s i s  

Cesium analysis was performed u s i n g  a h i g h  r e s o l u t i o n  (3 KeV FWHM 
a t  662  Rev) Ge(Li) g m a  s p e c t r o s c o p y  system c a l i b r a t e d  u s i n g  NBS 
S t a n d a r d  R e f e r e n c e  Material 4350 - R i v e r  Sediment.  
i n  100 ml b o t t l e s  i n  a s t a n d a r d  geometry for a minimum o f  500 minutes. 
The minimum d e t e c t a b l e  a c t i v i t y ,  assuming a one hundred gram s a m p l e ,  
500 minute count, is e s t i m a t e d  t o  b e  0 . 3 0  dpm/gm f o r  cesium. 
s p e c t r a  o b t a i n e d  were v i s u a l l y  examined f o r  o t h e r  gamma e m i t t i n g  f i s s i o n  
p r o d u c t s .  

Samples were c o u n t e d  

The 
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RESULTS 

Soil Sampling 1976 b 

Comuosite samples o f  s u r f a c e  s o i l  c o l l e c t e d  during 1976 according t o  
t h e  "CDH method" d e s c r i b e d  i n  t h e  previous s e c t i o n  were a v a i l a b l e  f o r  
a n a l y s i s  
o f  t h i s  s tudy ,  hence ,  on ly  p o r t i o n s  o f  t h e  less than 2 mm (dry s ieved)  
f r a c t i o n  were a v a i l a b l e  f o r  cesium a n a l y s i s .  These  r e s u l t s  (in dpm/gm) , 
along wi th  t h e  r e s u l t s  o f  t h e  plutonium analysis, appear in Table  I. 
Where two s e p a r a t e  r e s u l t s  appear ,  they r e p r e s e n t  ana lyses  on separate 
a l i q u o t s  o f  t h e  same sample 
e r r o r s  f o r  i n d i v i d u a l  determinat ions  

They had a l r e a d y  been s ieved  and s p l i t  p r i o r  t o  commencement 

E r r o r  terms are t h e  2 sigma counting 

S o i l  Sampling 1977 

T a b l e  I1 p r e s e n t s  d a t a  on t h e  mass o f  t h e  comoos i te  s o i l s  c o l l e c t e d  
during t h e  annual  1977 s o i l  survey All samples were cornposited i n  t h e  
f i e l d  wi th  l a r g e  r o c k s  and s t i c k s  r e j e c t e d  
e lapsed between c o l l e c t i o n  and drying,  t h e  d i f f e r e n c e  between wet and 
dry weights provides  some i n d i c a t i o n  o f  cor ,d i t ions  a t  c o l l e c t i o n  The 
d i f f e r e n c e  between t h e  dry and s ieved  weights  is an i n d i c a t i o n  o f  t h e  
amount o f  n o n - s o i l  material (I e .  rocks  and sticks) c o l l e c t e d  with t h e  
sample. The v a l u e  f o r  Kg/m2 c a l c u l a t e d  f o r  t h e  "CDH sampling method" 
i s  used as a d e n s i t y  convers ion  term i n  subsequent t a b l e s .  T h i s  has 
been done r a t h e r  than adopting an arbitrary d e n s i t y  as o t h e r s  have done 
i n  an at tempt  t o  compensate f o r  s u r f a c e  d e n s i t y  d i f f e r e n c e s .  
noted t h a t  one sample (Walsenburg) has  a d e n s i t y  of less than 1 gm/cm3 
(3 0 kg/m2 t o  a depth o f  0 3 cm equals  1 gm/cm3) which may b e  due t o  
winter  f r e e z i n g  and thawing near  t h e  time o f  c o l l e c t i o n  o r  a problem wi th  
t h e  sample c o l l e c t i o n .  The samples l a b e l e d  as "Johnson method" were 
c o l l e c t e d  by t h e  sweeping technique No at tempt  has  been made t o  conver t  
t h e  r e s u l t s  obta ined  by t h i s  technique t o  area c o n c e n t r a t i o n s  due t o  t h e  
imprec is ion  i n h e r e n t  i n  t h e  c o l l e c t i o n  procedure .  

Although several days 

It i s  

Presented  in T a b l e  111 are t h e  r e s u l t s  ( a g a i n  i n  dpm/gm) f o r  t h e  samples 
c o l l e c t e d  i n  1977.  All r e s u l t s  i n  t h i s  t a b l e  are f o r  t h e  whole (i e. 
<2  mm f r a c t i o n )  s o i l .  
inc luding  r o c k s  and sticks,  however, t h e  i n a b i l i t y  t o  select a representa -  - t i v e  sample o f  such  material precludes  meaningful  i n t e r p r e t a t i o n  of 
r e s u l t s  and t h e s e  are n o t  reported.  

Analyses were a l s o  performed on ' lgrossl l  samples 

I n  a d d i t i o n  t o  t h e  a n a l y s e s  performed on whole (e2  mm) s o i l  and repor ted  
up t o  t h i s  p o i n t ,  four composite samples were separated  according t o  t h e  
procedure used by D r .  Carl Johnson and b o t h  plutonium and cesium a n a l y s i s  
were performed on t h e  " r e s p i r a b l e  dust" f r a c t i o n  c o l l e c t e d .  The r e s u l t s  
are presented  i n  T a b l e  IV. It was hoped o r i g i n a l l y  t h a t  i t  would b e  
p o s s i b l e  t o  run  a complete materials b a l a n c e  on t h e s e  samples,  however, 
t h i s  was precluded by t h e  a v a i l a b l e  equipment and t h e  s h o r t  l e n g t h  of 
time t h a t  v i t a l  equipment was a v a i l a b l e  on l o a n  t o  u s  which precluded 
our  modifying it. 
t h e  l i q u i d  removed from samples during t h e  i n i t i a l  d i g e s t i o n  i n d i c a t e d  
t h e  presence  o f  a trace o f  Cs-137 which c o u l d  n o t  b e  v a l i d l y  q u a n t i t a t e d .  

Gamma a n a l y s i s  performed 00 a composite sample,of 
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I 

TABLE I 
PLUTONIUM AND CESIUM-137 CONCENTRATIOSS 

IN WHOLE ( C ~ U I I T I )  SOIL - 1976 

.4 

Pu-239 (dpm/gm) 

1 . 5 1  + 0.16 
2 7 .77  5 0.42 

0.36 + 0.02 3 

Sector 1 - 

- 

9 

10 

11 

12 

13 

0.27 - + 0.04 

0.09 5 0.02 
0.07 f 0 02 

0.27 + 0.07 
0.20  - 0 04 

0.27 - + 0 04 

0.13 - + 0.02 
0.16 - + 0 02 

0.16 - + 0 09 
0.04 - + 0.02 

0.07 fr 0.02 
0.09 - + 0.02 

Burlington 0.02 - + 0.02 

Crooke 

Limon 

Livermore 

0.09 + 0.02 
0.07 '7 0.02 
0.04 5: - 0.02 

0.02 - + 0 02 

Loveland -- 
Penrose 0.09 2 0.04 

Springfield 0.02 2 0.02 

Wals enburg -- 

Cs-137 (dpm/gm) 

7.10 5 0.43 

5.28 5 0.36 

14.2 fr 0.53 
13.9 2 0.63 

10.0 5 0.52 

4.34 5 0.31 

2 68 5 0 25 

2.91 - + 0.28 

4.60 - + 0.31 

3.09 2 0.26 

2.04 - + 0 22 

1.62 - + 0.18 

2.57 + 0.26 

1.85 - + 0.18 

1.70 0.20 

3.89 - + 0.34 

2.79 2 0.26 

2.04 5 0.18 

1.96 0.22 

3.43 - + 0.27 

1.77 + 0.26 

2.76 2 0.25 

- 

-- No analysis on these samples 
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TABLE I1 
SOIL SAMPLING - 1977 

MASS OF SAMPLES COLLECTED 

! 
i 
I 

I 

Sector 1 

2 

3 

4 

5 

6 

5468 6 

4871 2 

3680.1 

3068.4 

3611.0 

6819.4 

3284.8 

3259.9 

7 

8 

9 

10 

11 1 '  
I 

13 

6175.0 

2873.7 

1960.2 

** Burlington 

Crooke 

Limon 

Livermore 

Loveland 

P enro s e 

Springfield 

Walsenburg 

Wet 
( P S I  

338 1 

275.4 

306.6 

332.6 

383.1 

335 9 

247.6 

342 0 

315.3 

340 0 

393 9 

371 8 

400.1 

380.3 

348 5 

416.5 

373 7 

391.8 

416.7 

334.3 

205.3 

* 
** 

*** -- 

CDH COLLECTION METHOD 

Dry 
(gms) 

328 3 

266.5 

300.3 

323.9 

374.0 

326.8 

240.0 

335 6 

303.9 

325.9 

369.5 

355.7 

385.8 

365 2 

325.0 

401 9 

367.1 

379.8 

406.6 

322.8 

** 

S i w d  
( P S I  

278.2 

255.3 

265.1 

279.2 

275.2 

301.5 

225.9 

311.4 

275.8 

321.4 

386.6 

341.2 

341.1 

361.6 

313.0 

319.2 

322.2 

378.5 

392.3 

315.2 

158.8 

Kg/IllZ* 

3 71 

3.40 

3.53 

3.72 

3.67 

4.02 

3.01 

4 15 

3.68 

4 29 

5.15 

4.55 

4.54 

4.81 

4.17 

4.26 

4.30 

5.05 

5.23 

4.20 

2.12 

JOHNSON COLLECTION METHOD I I  

Based on dry weight, less than 2 nun diameter. 
Not determined 
See separation procedure f o r  d e t a i l s  
Less than 5pm X was not determined on these samples 

D r y  
( P S )  

3735 3 

5310.6 

4768.0 

3623.0 

3016.4 

3504.0 

6731.4 

3195.8 

3144 9 

4445 1 

5975.0 

2827.7 

1912.2 

** 
** 
** 
** 
** 
** 
** 
209.6 

Sieved 
(PS) 

3016 3 

4414 8 

3318.2 

2208.2 

2033.5 

3019 2 

5502.8 

2399 8 

2658 9 

4042 1 

5592.0 

2408 2 

1518.6 

108 7 

315 0 

2074 1 

3035.3 

2212 5 

3228 8 

1396 0 

207.9 
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Sector 1 

2 

Pu-239 co-137 
(dpmlmn) 

I 42 0 13 9 77  2 0 51 

3 

Pu-239 
(dpmlgm) 

0 29 2 0 Oh 

6 

7 

10 

11 

12 

13 

TABLE If1 
PLUTONIUM AND CESIUM-137 CONCEXTSAIIQNS IN (<2=) SOIL - 1977 

COWARISQN 01 COLLECTION PETBODS 

mm COLLECTION ~ O D  

Pu-239 
jdvmlgm) 

2 20 2 0 51 

9 61 f 1 09 
9 32 2 0 69 

0 20 t 0 04 
0 20 f 0 Ob 
0 26 fi Q 04 
Q 26 f. Q 04 

0 20 f. 0 06 
0 10 f 0 Ob 
0 22 5 0 06 

0 13 2 0 04 

0 60 5 0 07 
0 71 2 0 09 

0 64 f 0 09 

0 16 2 0 04 

0 09 2 0 02 
0 1 6 Z Q Q 4  

0 22 5 0 04 

0 07 2 0 02 

0 04 2 0 02 
0 07 2 0.02 

0 07 f 0 02 

0 07 f 0 02 

0 04 0 02 

0 04 5 0 02 

e0 02 

0 02 5 0.02 

0.00 5 0 02 

0.02 2 0.02 

0 ob 2 0.01 

9 60 2 0 42 
9 40 2 0 43 

10 60 f. 0 57 
10 22 f 0 67 

10 65 2 0 50 
11 36 2 0 53 

6 53 0 62 

3 96 fi 0 30 

4 13 2 0 31 

7 I7 2 0 39 

3 96 + 0 30 
3 55 0.28 

1 96 f 0 20 

2 a 4 + 0 2 2  

3.51 2 0.27 
3.09 2 0 1b 

3 13 fi 0.27 
3 09 2 0 26 

2 11 2 0 22 

3 60 2 0 30 

1 51 2 0 19 
1 09 fi 0 20 

2 64 2 0 2b 

1 09 = 0 22 
3 1720 19 

2 aa +, o 22 

0 4 s  2 0 10 

OLD CDH 
(SPOON) KETElOD JOHNSON COLLECTION PIL'IHOD I 

0 7s + 1 10 
0 99 0 56 0 15 2 0 45 . 

1 73 2 a 16 3 47 fi 0 33 

1 47 2 0 11 4 76 f. 0 33 

-1s- 

3 71 fc. 0 29 

0 16 If 0 Q6 

0 29 2 0 07 

0 16 f 0 02 

0 49 2 0 n7 
0 02 2 0 Ob 

0 07 2 0 02 
0 04 2 0 02 
0 07 2 0 02 

0 29 fc. 0.07 

0 13 f 0 Ob 

0 1 6 + 0 Q b  
0 13 2 0 06 
0 20 2 0 02 

0 03 2 9 07 

0 07 5 0 02 

0 11 + 0 04 
097$0ab 

CS-137 
(dpmlgm) 

0 23 2 0 53 

5 77 2 0 h5 

7 93 2 0 01 

10 98 2 0 00 

a oa 2 o 43 

3 47 2 F 25 

2 76 0 23 

11 6 2 0 40 

6 68 2 0 01 

3 39 2 0 36 

2 79 2 Q 34 

6 00 2 0 36 

3 70 2 0 01 

2.26 fi Q 26 

3 76 0 33 

4 76 2 0 24 

0 31 5 0 13 

2 83 +, 0 27 
1 83 5 0 20 

Q 26 +, 0 00 

<Q 30 
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DISCUSSION 

Plutonium 

The procedure of sampling s u r f a c e  s o i l  for plutonium a n a l y s i s ,  which 
was s e l e c t e d  s e v e r a l  y e a r s  ago by the Colorado Department of Health ,  
i s  designed s p e c i f i c a l l y  f o r  t h e  purpose of i n d i c a t i n g  whether o r  not 
t h e r e  i s  a p o t e n t i a l  i n h a l a t i o n  hazard from resuspended plutonium. 
Compositing o f  samples is a p p r o p r i a t e l y  used t o  estimate t h e  t o t a l  
affect on an i n d i v i d u a l  s u b j e c t e d  t o  resuspension from several d i f f e r e n t  
d i r e c t i o n s  T h i s  i s  done wi th  t h e  f u l l  r e a l i z a t i o n  t h a t  t h e r e  are 
i n d i v i d u a l  s i tes  where t h e  c o n c e n t r a t i o n  i s  h i g h e r  than  t h e  composite 
would i n d i c a t e ,  and s i tes  where i t  is lower Sampling techniques  
which do not  composite w i l l ,  by d e f i n i t i o n ,  r e s u l t  i n  larger v a r i a b i l i t y  
i n  c o n c e n t r a t i o n s  

A second item which must b e  considered i s  t h e  effect  o f  c o l l e c t i n g  
d is turbed  s o i l  
soil'' i n  our s u r v e i l l a n c e  o f  t h e  Rocky F l a t s  area, t h i s  has  been done 
only  t o  avoid t h e  p o s s i b i l i t y  o f  underestimating p o t e n t i a l  hazards ,  
and is not s t r i c t l y  v a l i d  from t h e  s tandpoint  o f  deterrmning a c t u a l  
h e a l t h  impacts 
extremely d i f f i c u l t  (and becoming more so every y e a r )  t o  l o c a t e  soil 
which i s  t r u l y  Undisturbed. 
(which i s  t h e  background a g a i n s t  which Rocky F l a t s  contaminat ion must 
b e  compared) was depos i ted  p r i m a r i l y  i n  t h e  la te  5 0 ' s  and e a r l y  ~ O ' S ,  
t h e  problem i s  t o  f i n d  s o i l  which has not  been d i s t u r b e d  in 15-20 
years 
plowing, road c o n s t r u c t i o n ,  fence maintenance and o t h e r  act ivit ies  o f  
man w i l l  affect t h e  s u r f a c e  soil composit ion,  i n  most cases lowering 
t h e  c o n c e n t r a t i o n  o f  depos i ted  contaminants.  It should b e  noted t h a t  
S e c t o r s  1-4 c o n s i s t  p r i m a r i l y  o f  land c u r r e n t l y  under t h e  j u r i s d i c t i o n  
o f  ERDA and undisturbed (except f o r  grazing animals)  by man s i n c e  t h e  
p l a n t  was c o n s t r u c t e d .  I n  t h e  out ly ing  s e c t o r s  and remote s i t e s ,  no 
h i s t o r y  o f  t h e  s o i l  i s  a v a i l a b l e .  Examination o f  t h e  plutonium d a t a  
c o l l e c t e d  s i n c e  1970  ( T a b l e  V) shows t h a t  t h e r e  has  been a s i g n i f i c a n t  
d e c r e a s e  i n  s u r f a c e  s o i l  c o n c e n t r a t i o n s  i n  remote s i t e  samples. While 
a p a r t  o f  t h i s  d e c r e a s e  i s  c e r t a t n l y  due t o  t h e  downward movement 
o f  t h e  plutonium ( t o  a depth below 0.3 cm) as a r e s u l t  o f  d i f fus ion  
o r  burying by s o i l  movement, it  i s  b e l i e v e d  t h a t  a s i g n i f i c a n t  p a r t  i s  
due t o  t h e  d i f f i c u l t y  i n  l o c a t i n g  t r u l y  undisturbed s o i l  sampling sites.  

R e s u l t s  o f  analyses from S e c t o r s  1-13 i n d i c a t e  v a l u e s  which are g e n e r a l l y  
similar in 1977 t o  o t h e r  years. The r a p i d  drop i n  plutonium concentra-  
t i o n s  in S e c t o r  2 from 1971-1975 appears t o  have l e v e l e d  o f f ,  al though 
t h e  s i g n i f i c a n c e  o f  t h i s  i s  unclear .  
fact t h a t ,  t h i s  s e c t o r ,  more than any o t h e r ,  w i l l  b e  a f f e c t e d  by compositing 

Although we have made an at tempt  t o  c o l l e c t  "undisturbed 

I n  areas which are remote from Rocky F l a t s ,  i t  i s  

If one remembers t h a t  t h e  f a l l o u t  plutonium 

Natural  e v e n t s  i n c l u d i n g  wind and water e r o s i o n  as well as 

I n t e r p r e t a t i o n  i s  complicated by t h e  
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relatively high concentration individual samples from the northern 
portion n t h  low concentration samples from the south, therefore, 
individual sampling sites cke critical This may also help explain 
the extremely low values in Sector 6 (1973 and 1975) as there is a 
narrow band of relatively high concentration soil on the extreme 
southern edge of this sector that could easily have been missed in 
some years 

Direct comparisons (such as ratios) between plutonium concentrations 
in remote sites and sector samples are not considered valid due to 
the size of the error terms (refer to Tables I and 111) of the analyses 
as well as problems in obtaining truly comparable "undisturbed" s o i l  
samples 

Examination of the results of replicate analyses indicate generally 
excellent analytical reproducibility. 
by different sampling techniques reveal only fair to good agreement. 
It is obvious from all the data available that sampling (techniques, 
locatians, compositing, etc ) are the greatest source of variability 
in s o i l  analysis and w i l l  require additional refinements in the future. 

Comparisons of results obtained 

Cesium 

In order to provide an accurate interpretation of any environmental 
monitoring program and to avoid misinterpretation, it is essential 
to examine the analysis process from its inception at sampling through 
to the calculation of the results This is especially important in the 
current study since the samples analyzed were collected for one purpose 
(i.e determination of a potential inhalation hazard from plutonium) 
and are being examined for another (i.e. Did Rocky Flats release any 
Cs-137 to the environment'). Consider initially the differences between 
plutonium and cesium in the environment - 
Plutonium (whether produced in a nuclear detonation or released from 
Rocky Flats) exists in the environment predominantly in its oxide 
form (PuO2). 
a result, its movement in the environment i s  governed primarily by 
physical processes Principal among these are horizontal dispersion 
by the wrnd and vertical migration into the soil by diffusion. Both 
of these Will be affected to a large extent by the moisture content of 
the s o i l  but not much by the soil type or other constituents present 
in the soil. 

This matter has a very low solubility in water and as 

Cesium on the other hand i s  an element which exists in the environment 
predominantly in ionic form (similar to sodium, potassium and calcium) 
and as a result its movement through the environment will be governed 
primarily by chemical processes 
function of, not only moisture content, but also, s o i l  type, pH, and 
ionic balance. 

As a result, its mobility i s  a complex 
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E x c e l l e n t  rev iews  o f  t h i s  s i t u a t i o n  are a v a i l a b l e  (ref J.W Stannard,  
Plutonium in t h e  Environment", in Uranium, Plutonium,  Transplutonic  

Elements ,  H C Hodge, e t  a1 , ed. ,  1973) Even though t h e r e  may be a 
c o n s t a n t  r a t i o  between these two m a t e r i a l s  i n  t h e  f a l l o u t  from n u c l e a r  
t e s t i n g ,  t h i s  does n o t  n e c e s s a r i l y  mean t h a t  an  environmental  sample 
which c o n t a i n s  only a p o r t i o n  o f  t h e  d e p o s i t e d  material (such as s u r f a c e  
s o i l  o r  " r e s p i r a b l e  dust")  w i l l  c o n t a i n  t h e  same r a t i o  
however, ev idence  t h a t  t h e  depth p r o f i l e s  f o r  Pu and Cs-137 ar? similar 
(Hardy, HASL 306, 1976) and s i n c e  t h e  r a t i o s  o f  f a l l o u t  products ,  in 
s u r f a c e  soil have been  used s u c c e s s f u l l y  in t h e  past t o  i d e n t i f y  plutonium 
contaminat ion a t  Rocky Flats (ref. P o e t  and Martell, Heal th  P h y s i c s ,  
Vol 23, pp 537-548, 1972) t h e y  are p r e s e n t e d  i n  T a b l e  V I  

I I  

There is, 

The d a t a  i n  t h i s  t a b l e  was obta ined  from T a b l e  I11 ( a d j u s t i n g  f o r  t h e  
soil d e n s i t y  and c o n v e r t i n g  u n i t s )  but is p r e s e n t e d  as areal  d i s t r i b u t i o n s  
t o  a l l o w  comparisons w i t h  o t h e r  sampling methods. The range o f  Cs/Pu 
r a t i o s  in samples from remote s i tes  ( o m i t t i n g  t h e  q u e s t i o n a b l e  sample 
from Walsenburg) is 45-98 with  an average o f  68.5. This v a l u e  agrees 
extremely well w i t h  publ ished v a l u e s  (ref Hardy, i b i d ,  1976 - r a t i o  
62 51, especia l ly  c o n s i d e r i n g  t h e  s ize  o f  t h e  e r r o r  terms a s s o c i a t e d  
with t h e  plutonium determinat ions  R a t i o s  f o r  samples c o l l e c t e d  i n  
t h e  t h i r t e e n  s e c t o r s  show v a l u e s  which are u n i v e r s a l l y  lower than t h i s .  
S e c t o r s  3 ,  4, 5, 8, 12 and 13, which lie west and n o r t h  o f  t h e  p l a n t  
s i t e  a l l  f a l l  in t h e  low end o f  t h e  range  o f  background va lues .  
1,  2, 6, 7, 9, 10 and 11 which a l l  l i e  south  and east o f  t h e  p l a n t ,  
and are known t o  c o n t a i n  areas o f  plutonium contaminat ion ,  d i s p l a y  
Cs/Pu r a t i o s  smaller than  t h e  backgrounds - exactly as would b e  expected.  

S e c t o r s  

Another method o f  e v a l u a t i n g  t h e  d a t a  is t o  compare t h e  areal d i s t r i b u t i o n  
o f  Cs-137 w i t h  publ i shed  v a l u e s  Some o f  t h e s e  v a l u e s  are as f o l l o w s  

Range o f  v a l u e s  
nCi/m2 Comments Source 

49 - 147 Sampled t o  10 cm depth  i n  R i t c h i e  & McHenry 
a g r i c u l t u r a l  watersheds.  (Health P h y s i c s ,  Vol  

32, Feb.  1977 

15.3 - 244 Depth samples on Great Miller & Michels  (HPR 
P l a n s  317390-105, Rocky F l a t s  

Repor t ,  1973) 

13.7 - 144 Depth Samples CSU, "Environmental Rad- 
i a t i o n  S u n r e i l l a n c e  Pro- 
gram - F t .  S t .  V r a i n  - 
Summary Repor t ,  T h i r d  and 
Fourth Quarters 1976" 

, - 20- 



Sector 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Burlington 

Crooke 

Limon 

Livermo r e 

Loveland 

Pen ro  s e 

Springfield 

Walsenburg 

TABLE V I  
ROCKY FLATS PLANT SURVEILLANCE - 1977 

AREAL DISTRIBUTION OF Pu-239 and Cs-137 (nCi/m2> 

Pu-239 

3 81 

CS-137 

13.0 

(Cs/Pu> 
(Activity Ratio) 

3 4  

14.3 14.4 1 0  

0 35 16.5 47 

0 33 18.2 55 

0 21 10 8 51 

1.20 10 8 9 0  

0 87 5 6  6 4  

0 30 13.4 45 

0.22 6 2  28 

0.42 3.8 9 0  

0 16 4.7 30 

0 12 

0 14 

6.4 53 

6.7 48 

0.15 6 8  45 

0.08 5.8 73 

0.08 3.8 48 

__ <O. 04 6.4 

0.05 3.9 78 

0.09 

0.04 

0.04 

6.2 

3.9 

69 

98 

0.4 * 
Remote Locations. Average 68 5 

Range 45 - 98 
* This value has been omitted due to large uncertainties 
associated with both results and the original questions 
about the validity of the sample 
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In t h i s  case, t h e  v a l u e s  determined from t h e  p r e s e n t  s tudy are a l l  lower 
than  publ ished v a l u e s  
t h e  fact t h a t  t h e  sampling technique  o n l y  c o l l e c t s  s u r f a c e  soil and much 
o f  t h e  cesium (and p l u t o n i q )  i s  known t o  have migrated t o  a depth 
below 0 3 cm 

T h i s  is an obvious and expected r e s u l t  c o n s i d e r i q g  

X t h i r d  way t o  e v a l u a t e  t h e  d a t a  is t o  compare t h e  r e s u l t s  from background 
samples t o  t h e  r e s u l t s  f o r  s e c t o r s  near  t h e  p l a n t  As  mentioned i n  t h e  
plutonium review, t h e  remote s i t e  samples c o n t a i n  s o i l  on which no 
h i s t o r y  is a v a i l a b l e  and some o f  t h e  i n d i v i d u a l  samples are undoubtedly 
n o t  r e p r e s e n t a t i v e  o f  f a l l o u t  products  in undisturbed soil 
o f  t h o s e  samples may b e  v a l i d  f o r  determining re la t ive  a i r b o r n e  hazards 
from resuspended plutonium, t h e y  are n o t  v a l i d  f o r  determining amounts 
of  any p o l l u t a n t s  o r i g i n a l l y  depos i ted  on t h e  s u r f a c e  o f  t h e  soil' The 
h i g h e s t  levels o f  cesium-137 found were i n  S e c t o r s  3 and 4 t o  t h e  west 
(upwind s i d e )  o f  t h e  p l a n t  s i t e  

While results 

The c o n c l u s i o n  which l o g i c a l l y  f o l l o w s  from t h e s e  r e s u l t s  i s  t h a t  

1 All o f  t h e  r e s u l t s  are c o n s i s t a n t  w i t h  world-wide f a l l o u t  being 
t h e  p r i m a r y ,  if n o t ,  t h e  s o l e  source  o f  t h e  d e t e c t e d  Cs-137 

2 If any o f  t h e  r a d i o a c t i v e  cesium i n  t h e  soil d i d  o r i g i n a t e  wi th  
i n d u s t r i a l  o p e r a t i o n s  o r  a c c i d e n t s  a t  t h e  p l a n t ,  i t s  c o n t r i b u t i o n  
i s  i n s i g n i f i c a n t .  

3 F u r t h e r  i n v e s t i g a t i o n  o f  t h i s  matter would r e q u i r e  e x t e n s i v e  
inventory  (not  s u r f a c e )  sampling far beyond t h e  scope  o f  t h e  
p r e s e n t  s tudy and is n o t  warranted based on t h e  r e s u l t s  obtained.  

Other  I n v e s t i g a t i o n s  

The f i n a l  items f o r  d i s c u s s i o n  are t h e  r e s u l t s  repor ted  by R J. Murri  
(Rocky Flats) and D r  Carl Johnson ( J e f f e r s o n  County Heal th  Department) 

The r e p o r t  by Murri ("Gamma Analysis o f  Plutonium Contaminated Soil a t  
Rocky F l a t s , "  ES-376-77-197, January 10 ,  1977)  included t h e  r e s u l t s  
o f  twelve samples ,  c o l l e c t e d  by  t h e  sampling procedures  o f  t h e  Colorado 
Department o f  Heal th .  They are r e p o r t e d  i n  dpm/gm and are d i r e c t l y  
comparable t o  samples r e p o r t e d  i n  T a b l e  If1 o f  t h i s  r e p o r t .  
v a l u e s  (1.83 - 16.47 dpm/gm, average  8 28 dpm/gm) are n o t  i n c o n s i s t e n t  
w i t h  t h e  range o f  v a l u e s  p r e s e n t e d  in t h i s  r e p o r t  (1.96 - 11.36 dpm/gm) 
w i t h  t h e  effects o f  composi t ing are cons idered .  

The range o f  

DR. JOHNSON 

The r e s u l t s  presented  by D r .  Carl Johnson t o  t h e  J e f f e r s o n  County Board 
of H e a l t h ,  March 3 1 ,  1 9 7 7 ,  were based on samples c o l l e c t e d  by t h e  sweep- 
ing technique  and s e p a r a t e d  t o  y i e l d  a " r e s p i r a b l e  dust"  f r a c t i o n .  

T a b l e  I11 presented  t h e  r e s u l t s  o f  plutonium and cesium-137 a n a l y s e s  
performed on whole (<2mm) soil c o l l e c t e d  by t h i s  t e c h n i q u e ,  as well 
as t h e  r o u t i n e  CDH method. 
l i t t l e ,  i f  any ,  d i f f e r e n c e  between t h e  techniques .  The mathemat ica l  
average f o r  t h e  1 3  s e c t o r  samples are as f o l l o w s  

Comparison o f  t h e  Cs-137 r e s u l t s  i n d i c a t e s  
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Johnson 6 .28  dpm/gm 
CDH 5 88 dpm/gm 

D i f f e r e n c e s  in t h e  plutonium r e s u l t s  are most dramatic i n  s e c t o r s  1 ,  2 
6 ,  and 7 which c o n t a i n  sharp c o n c e n t r a t i o n s  g r a d i e n t s  and are, t h e r e f o r e ,  
b e l i e v e d  t o  b e  t h e  r e s u l t s  o f  i n d i v i d u a l  sample s i t e  s e l e c t i o n  I n  
o t h e r  s e c t o r s ,  where t h e  plutonium d i s t r i b u t i o n  i s  known t o  b e  n o r e  
uniform t h e  plutonium r e s u l t s  are e s s e n t i a l l y  i d e n t i c a l  

Fol lowing c o l l e c t i o n ,  t h e  samples were s u b j e c t e d  t o  t h e  particle s i z i n g  
procedure  d e s c r i b e d  in Appendix I1 of t h i s  r e p o r t  A p p l i c a t i o n  of t h i s  
procedure  t o  t h e  e v a l u a t i o n  o f  environmental  plutonium as performed 
by Johnson, T i d b a l l  and Severson ( S c i e n c e ,  Vol  193, pp 488-490) 
i s  a unique and exper imenta l  procedure which has  n o t  been widely  accepted  
by t h e  s c i e n t i f i c  community. 
t o  review a l l  o f  t h e  criticisms which have been l e v e l e d  a t  t h e  procedure ,  
there are a couple  o f  items which must b e  d i s c u s s e d  in order  t o  determine 
whether o r  n o t  D r  Johnson h a s ,  in fac t ,  l o c a t e d  samples wi th  e l e v a t e d  
levels  o f  cesium-137,  

While i t  i s  not t h e  i n t e n t  o f  t h i s  r e p o r t  

This soil S e p a r a t i o n  procedure i s  a v i t a l  s t e p  i n  a n a l y s i s  p r o c e s s  and,  
as such ,  must b e  s u b j e c t e d  t o  t h e  same t e s t i n g  and review as t h e  o t h e r  
a n a l y t i c a l  procedures  This i n c l u d e s ,  a t  least ,  tests  o f  i t s  repro-  
d u c i b i l i t y  and a materials b a l a n c e  t o  determine t h e  u l t i m a t e  f a t e  o f  t h e  
materials o f  i n t e r e s t  through t h e  procedure.  Although D r .  Johnson has  
s e n t  h i s  f i n a l  product t o  numerous l a b o r a t o r i e s  f o r  a n a l y s i s ,  t h e r e  is 
no i n d i c a t i o n  t h a t  replicate s e p a r a t i o n s  have been performed on any 
samples. 
l i g h t  on exactly what is happening through t h e  procedure t o  y i e l d  t h e  
l a r g e  c o n c e n t r a t i o n s  repor ted  and whether o r  n o t  t h i s  effect is t r u l y  
r e p r e s e n t a t i v e  o f  p o t e n t i a l  environmental  occurrances .  
tests are performed, t h e  r e s u l t s  obta ined  by t h e  u s e  o f  t h e s e  procedures  
can n o t  b e  v a l i d l y  i n t e r p r e t e d  and t h e r e f o r e ,  s p e c u l a t i o n  and criticism 
will c o n t i n u e  

The materials b a l a n c e  i s  n e c e s s a r y  in o r d e r  t o  shed some 

U n t i l  t h e s e  

It had been hoped t h a t  a materials b a l a n c e  e v a l u a t i o n  o f  t h e  s e p a r a t i o n  
procedure  c o u l d  b e  performed as p a r t  o f  t h i s  review A s  expla ined  
p r e v i o u s l y ,  however, v i t a l  equipment on l o a n  f o r  our  u s e  had t o  b e  
r e t u r n e d  b e f o r e  t h i s  could b e  accomplished.  As a r e s u l t ,  we are l e f t  
t o  s p e c u l a t e  on o n l y  t h e  f o u r  samples p r e s e n t e d  i n  T a b l e  IV 

A s  c a n  b e  seen i n  t h i s  T a b l e ,  t h e r e  i s  a n  obvious  i n c r e a s e  in b o t h  t h e  
plutonium and cesium c o n c e n t r a t i o n s  i n  a l l  f o u r  samples.  
a l l  unexpected f o r  t h e  fo l lowing  r e a s o n s .  
known t o  exist in small, f i n e l y  d i v i d e d  p a r t i c l e s  which are a s s o c i a t e d  
t o  some degree  w i t h  larger s o i l  a g g r e g a t e s .  The s e p a r a t i o n  procedure  
is extremely h a r s h  and i n t e n t i o n a l l y  d e s t r o y s  s o i l  aggregates t o  release 
t h e  plutonium. C o l l e c t i o n  o f  t h e  small p a r t i c l e s  then would tend t o  
c o n c e n t r a t e  t h e  plutonium. 

T h i s  i s  n o t  at  
Plutonium i n  t h e  environment is 

-23- 
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Cesium-137, as was mentioned e a r l i e r ,  exists i n  t h e  environment i n  
i o n i c  form It i s  well known, however, t h a t  cesium binds t i g h t l y  t o  
i o n  exchange s i tes  on t h e  d a y  i n  s o i l s  
technique used by D r  Johnson, e t  a 1  , was o r i g i n a l l y  designed f o r  t h e  
spec i f i c  purpose o f  c h a r a c t e r i z i n g  t h e  c lay c o n t e n t  o f  soils and t h e  
clays are t h e  smallest f r a c t i o n  i t  fo l lows  d i r e c t l y  t h a t  much, i f  not  
a l l  o f  t h e  cesium-137 is c o l l e c t e d  i n  t h e  " r e s p i r a b l e  f r a c t i o n " .  

S i n c e  t h e  particle  s i z i n g  

S i n c e  t h e  r a t i o  o f  cesium t o  plutonium i s  a l s o  apparent ly  a l t e r e d  by 
t h e  s e p a r a t i o n  procedure ,  i t  leaves at  least q u e s t i o n a b l e ,  if not  i n v a l i d ,  
any s ta tements  a b o u t  c o n c e n t r a t i o n s  o r  r a t i o s  o f  t h e s e  materials in 
t h e  environment. 
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CONCLUSIONS 

1 Xo s i g n i f i c a n t  changes i n  t h e  levels  o r  d i s t r i b u t i o n  o f  plutonium 
i n  t h e  s u r f a c e  s o i l  around Rocky F l a t s  have o c c u r r e d  i n  t h e  last  
t h r e e  years 

2 While i t  i s  n o t  p o s s i b l e  t o  state c o n c l u s i v e l y  t h a t  t h e r e  has  never  
been environmental  contaminat ion by Cs-137 due t o  i n d u s t r i a l  
o p e r a t i o n s  o r  a c c i d e n t s  a t  t h e  Rocky Flats P l a n t ,  t h e r e  i s  nothing 
available from t h i s  i n v e s t i g a t i o n  o r  any o t h e r  ev idence  o f  which 
we are aware t o  conc lude  t h a t  t h e r e  has been It i s  clear t h a t  
a cesium-137 release, i f  such d i d  o c c u r ,  d i d  n o t  c o n t r i b u t e  s i g -  
n i f i c a n t l y  t o  t h e  levels e x i s t i n g  as a r e s u l t  o f  c u m u l a t i v e  world- 
w i d e  f a l l o u t  

3 The s o i l  sampling procedure  o f  D r  Carl Johnson, which c o n s i s t s  
o f  sweeping t h e  s u r f a c e  of t h e  s o i l ,  does n o t  provide  a sample 
which i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  method c u r r e n t l y  used 
by t h e  Colorado Department o f  Heal th  

4 The soil s e p a r a t i o n  procedure.of  D r  Carl Johnson, e t  a l . ,  a l ters  
t h e  plutonium and cesium c o n c e n t r a t i o n s  in t h e  s o i l  and t h e  r a t i o  
of  t h e  two' This procedure  has  n o t  been e v a l u a t e d ,  e i t h e r  by i t s  
o r i g i n a t o r s ,  t h e  c u r r e n t  s tudy,  or any o t h e r  o f  which we are aware, 
t o  a l l o w  t h e  i n t e r p r e t a t i o n  o f  i t s  r e s u l t s ,  comparison t o  o t h e r  
a n a l y t i c a l  t e c h n i q u e s ,  o r  i t s  use  i n  e v a l u a t i n g  h e a l t h  impacts 
due t o  environmental  p o l l u t a n t s  

5 The S t a t e  Heal th  Department a l s o  caut ioned t h a t  s u r f a c e  s o i l  
sampling t e c h n i q u e s  should b e  used only  t o  i n d i c a t e  t h e  presence  
o f  a p o t e n t i a l  i n h a l a t i o n  hazard from resuspended p o l l u t a n t s  
(This may s t i l l  b e  most c l o s e l y  r e l a t e d  t o  h e a l t h  effects of 
t h e s e  materials). The method cannot b e  used as a determinat ion  
o f  t h e  t o t a l  i n v e n t o r y  o f  t h e  p o l l u t a n t s .  

-25- 



Sample C o l l e c t i o n  - Plutonium-in-soi l .  

S o i l  s a n p l e s  a i e  c o l l e c t e d  a n n u a l l y  ( u s u a l l y  i n  A p r i l  or way) from an 
area, surrounding t h e  Rocky F l a t s  P l a n t ,  t h a t  i s  enc losed  w i t h i n  a c i r c l e  
7 miles i n  r a d i u s  from t h e  c e n t e r  o f  t h e  p l a n t  s i t e .  S e e  F i g u r e  1. I n d i v i -  
dual  samples are c o l l e c t e d  from t h e  s u r f a c e  s o i l s  with  t h e  a c t u a l  sample 
c o l l e c t i o n  s i t e  s e l e c t e d  on  t h e  basis t h a t  t h e  s o i l  appears t o  b e  undisturbed 
(by anyth ing  o t h e r  than  n a t u r a l  c a u s e s )  
domly (but convenient  as far  as t r a n s p o r t a t i o n  t o  t h e  l o c a t i o n  is concerned) 
w i t h i n  a s e c t o r .  The i n d i v i d u a l  samples are c o l l e c t e d  u s i n g  a l o c a l l y  manu- 
f a c t u r e d  s o i l  sampling d e v i c e  o r  o t h e r  scoop-typed device .  The i n d i v i d u a l  
sarrples are p l a c e d  i n  a c o n t a i n e r  w i t h  t h e  o t h e r  samples from t h e  s e c t o r .  
Twenty-f ive samples are c o l l e c t e d  i n t o  a composi te  sample from each  s e c t o r  
The composi te  sample i s  d r i e d  and s i e v e d  through a 10 mesh s c r e e n .  
remaining material i s  t h e n  c o n e d  and q u a r t e r e d  t o  about a 30 gram f r a c t i o n .  
T h i s  30 gram f r a c t i o n  is t h e n  f i n e l y  ground and mixed i n  a m o r t a r  and pestle  
A 2 gram f r a c t i o n  o f  t h i s  p o r t i o n  o f  t h e  sample i s  then  d i g e s t e d  f o r  plutonium 
a n a l y s i s  

The g e n e r a l  area i s  s k l e c t e d  ran- 

The 

Note In using  t h e  sampl lng  d e v i c e ,  only t h e  top  1/8 i n c h  o f  s o i l  
i s  c o l l e c t e d  The a n g l e  o f  t h e  scoop i s  a d j u s t e d  t o  accom- 
p l i s h  t h i s  depth  

i"M/bw 
1/19/76 

R e v i s e d  6/1/76 

T 

S o i l  Sampling Device, 
Crit ical  dimensions 
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APPENDIX I1 

SOIL SEPARATION PROCEDURE ' 
The f o l l o w i n g  procedure was used t o  o b t a i n  a "less than 5um" s o i l  
f r a c t i o n  f o r  a n a l y s i s .  It i s  condensed from t h e  l a b  notebook used 
by t h e  J e f f e r s o n  County Heal th  Department but  maintains  a l l  o f  t h e  
essential items used by them i n  t h e i r  s e p a r a t i o n s .  

1. 

2 

3 

4 

5. 

6. 

Diges t ion '  Approximately 80 gm o f  <2mm s o i l  i s  d i g e s t e d  by 
h e a t i n g  i n  30% hydrogen peroxide u n t i l  no a d d i t i o n a l  foaming 
i s  noted.  Alcohol  is added o c c a s i o n a l l y  t o  avoid b o i l  over .  
D i g e s t i o n  t a k e s  1-2 working days w i t h  frequent  addi t ion  of 
perox ide .  (The use  o f  a steam b a t h  has  been determined t o  
b e  too  s low and has been r e p l a c e d  by a "hot" plate wi th  t h e  
samples removed b e f o r e  they b o i l  over )  

Dehydration 
t h e  volume t o  approximately 400 mls. F i n e  p o r o s i t y  f i l t e r  
c y l i n d e r s ,  a t t a c h e d  t o  a vacuum l i n e ,  are used f o r  removal 
o f  t h e  l i q u i d  and any d i s s o l v e d  o r g a n i c  o r  inorganic  materials 
P e r i o d i c a l l y ,  t h e  candles  are c l e a n e d  by backf lushing w i t h  air .  

Deionized water i s  added t o  t h e  sample t o  b r i n g  

D i s p e r s i c n  
phate  s o l u t i o n  i s  added t o  t h e  dehydrated sample 
i s  then  s u b j e c t e d  t o  a 5 minute t rea tment  wi th  a 300 W u l t r a -  
s o n i c  probe.  

Approximately 25 ml o f  a 50 gm/l sodium metaphos- 
The s o l u t i o n  

Sedimentation.  The e n t i r e  sample i s  then  t r a n s f e r r e d  t o  a 
1 l i t e r  sedimentat ion vessel w i t h  de ionized  water t o  a volume 
of 1 l i t e r ,  shaken several t imes  t o  suspend a l l  p a r t i c l e s ,  
and then  al lowed t o  sett le .  
depth i s  chosen according t o  S t o k e s  Law f o r  5 micron p a r t i c l e s  
w i t h  a d e n s i t y  o f  11.46 gm/cm3, and a l l  l i q u i d  and suspended 
s o l i d s  c o l l e c t e d  wi th  a s u c t i o n  t u b e  t o  t h a t  depth The re- 
maining s o l u t i o n  i n  t h e  c y l i n d e r  i s  brought a g a i n  t o  1 l i t e r  
w i t h  de ionized  water and t h e  s e t t l i n g  repeated.  
mentat ions  on each  sample are composited f o r  a n a l y s i s .  

A s e t t l i n g  time f o r  a 20 cm 

Five s e d i -  

Dehydration: F i l ter  c y l i n d e r s  are a g a i n  used t o  remove a 
m a j o r i t y  of t h e  water. The remaining water is removed by 
freeze-drying under vacuum ( l y o p h i l i z a t i o n )  l e a v i n g  a f l u f f y ,  
powder l ike  material o f  low d e n s i t y  f o r  a n a l y s i s .  

Determination o f  5 urn p e r c e n t :  A second f r a c t i o n  o f  t h e  
same <2 pllp s o i l  is taken (about 20 gns) and d i g e s t e d  w i t h  
perox ide  as above. 
material and i n o r g a n i c  salts i s  removed wi th  f i l ter  candles .  
The s o i l  i s  then  t r a n s f e r r e d  t o  a t a r e d  beaker ,  oven d r i e d  

Excess  water wi th  d i s s o l v e d  o r g a n i c  
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and carefully weighed to determine whole s o i l  mass 
amount of sodium metaphosphate solution and water is added, 
allowed to set oveinight and then dispersed for 5 minutes 
with the ultrasonic probe as above The sample i s  transferred 
to a 1 liter sedimentation column, shaken and allowed to 
settle for a period of tine, determined by Stok s Law, such 
that a 5 micron particle of density 11 46 gm/cm reaches a 
depth of 10 cm. A pipet is lowered into the column to a depth 
of 10 cm and exactly 25 ml (1/40 of the total) is withdrawn, 
transferred to a tared collection vessle, oven dried and 
weighed to determine the less than 5 micron fraction. 

A precise 

f 



- - - -  * - -  

P r e p a r a t i o n  o f  SOLI, Ha-Vol A i r  F i l t e r s ,  
and Vater for Plutonium AnaLysLs 

1 )  Preparat ion  o f  S o i l  Samples.  

a )  Weigh sample. 0 v e r ) d r y  e n t i r e  sample a t  103OC o v e r n i g h t .  Weigh 
d r y  sample. Record wet and dry weights  o f  sample. 

b )  S c r e e n  sample  through LO mesh standard s c r e e n  

c )  G r i n d  t h e  f r a c t i o n  o f  soil which w i l l  n o t  pass s c r e e n  t o  break  up 
any lumps o f  c lay or aggregates .  Grind small enough t o  p a s s  through 
screen .  

d )  Discard any p e b b l e s  o r  s t i c k s  too  l a r g e  t o  p a s s  through screen .  
Weigh t h e  f r a c t i o n  o f  the  sample t h a t  passed through the  s c r e e n ,  
record  w e i g h t .  

e) S p l i t  sample by  c o n i n g  and quarterLng enough times t o  o b t a i n  a 
15-25 gm sample.  

f) Take 15-25  gm sample t o  counting f a c i l i t y  t o  b e  ground. 

g) Weigh 2 gm o f  t h e  ground sample i n t o  a p la t inum c r u c i b l e .  Every 
f i f t h  sample ,  do a d u p l i c a t e .  Weigh the  sample t o  t h e  n e a r e s t  
0.1 mg. 

h) I g n i t e  t h e  sample i n  t h e  muff le  f u r n a c e  s e t  a t  550OC f o r  1 h r .  
15  min. Remove and c o o l .  

i) T r a n s f e r  saylie  from c r u c i b l e  t o  t e f l o n  b e a k e r  c o n t a i n i n g  standard 
a lLquot  o f  Pu. R i n s e  c r u c i b l e  w i t h  water and add r i n s e  t o  beaker .  

2) P r e p a r a t i o n  o f  Hi-Vol a i r  f i l t e rs .  

a) Sample i s  r e c e i v e d  from counting f a c i l i t y  Ln small envelope c o n t a i n i n g  
A l i n .  s q u a r e s  o f  f i l t e r ,  

b) T r a n s f e r  e n t i r e  sample t o  plat inum c r u c i b l e ,  u s i n g  f o r c e p s .  Tap any 
dust  i n  e n v e l o p e  i n t o  c r u c i b l e  as well. Save  envelope.  

c) I g n i t e  i n  m u f f l e  f u r n a c e  a t  55OoC f o r  1 h r .  1 5  mrn. Remove and 
cool. 

d) T r a n s f e r  Sam l e  from c r u c i b l e  to t e f l o n  b e a k e r  c o n t a i n i n g  s tandard 
a l i q u o t  o f  2 5 % ~ .  R i n s e  c r u c i b l e  w i t h  water and add r i n s e  t o  beaker .  

3) p r e p a r a t i o n  of water samples ,  

a) For  compos i te  samples ,  see s e p a r a t e  procedure .  

b) For  s i n g l e  water samples ,  shake sample well. Measure o u t  1 L o r  
less ,  if sample is not l a r g e  enough t o  u s e  1 L ,  u s i n g  a graduated 
c y l i n d e r .  Record  volume if not  1 L. 
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c) Pour  sample i n t o  1500 ml beaker. Label w i t h  sample number and 
volume. 

Add standard a l i q w t  o f  236Pu tracer  t o  sample. 
30% H202 t o  sample to e f fec t  isotopic exchange. 

e) Evaporate on  hot plate  a t  low heat to near dryness. 

f) Transfer concentrated sample to a 2 5 0  m l  tef lon beaker using 

d)  Add a few ml o f  

6M HC1 and 30% H202 to loosen the residue and r inse  the beaker. 
Police of f  the sides and bottom o f  the beaker, r inse  thoroughly 
w i t h  6l-J HC1. Add a l l  r inses  to te f lon  beaker. 

4 )  Dissolution o f  sample solids.  

Add 2 spatulafuls o f  purified s i l i c a  sand to each te f lon  beaker 
If there is 50-100 ml or more o f  l € q u i d  i n  beaker, evaporate to 
dryness. 

Add 10 r n l  o f  conc HN03 and LO ml o f  477'. HF t o  each beaker. 
rubber gloves t o  prevent contact with HF fumes. S w L r l  t o  mix 
contents o f  beaker. Evaporate t o  dryness, slowly enough to prevent 
spatteripg. 

Wear 

Repeat step b) three times. Be sure residue is thoroughly dry 
a f t e r  each step of digestion. 

Add 6M H C l  t o  residue in beaker t o  wet residue well (10-20 m l ) .  
Wash ;own sides of beaker when adding HCL. Evaporate to dryness. 

Repeat step d) twice. 

Add 20-30 m l  6M HC1 to  residue i n  beaker, washing down the sides. 
Add 1 m l  30% HTOp. 
t o  a b o i l  to dissolve residue. Remove from heat and cool .  There 
should be no residual  H202 remaining. 

Transfer sample quantltat lvely to  150 m l  glass beaker using 6PJ HC1.  
Try t o  use no more HCL than to give a to ta l  volume o f  50 ml. 
be necessary t o  b o i l  the rinse H C l  i n  the beaker w i t h  a L i t t l e  H202 
to dissolve the las t  t races  o f  insoluble residue. There w i l l  be 
residual  s i l i c a  sand. 

Cover beaker w i t h  watch glass and b r i n g  L i q u i d  

It may 

If Lon exchange separation i s  not t o  take place w i t h i n  24 hours, 
cover beaker t i g h t l y  with parafilm for storage. 



I o n  Exchange S e p a r a t i o n  o f  Plutonium 

1) P r e p a r a t i o n  o f  i o n  euchange r e s i n .  

a) Empty a one-pound b o t t l e  o f  Bio-Rad AGl-X2 (50-100 mesh, Chlor ide  
form) i o n  e x c h a n g e g e s i n  i n t o  a 1500 tnl beaker .  

b) S l u r r y  r e s i n  with de ionized  water. S t i r  v igorous ly .  

c)  Decant  water and any f i n e s  which r ise  t o  top af ter  al lowing bulk 
o f  r e s i n  t o  s e t t l e .  . 

d) Repeat  water wash u n t i l  no more f i n e s  r i se  t o  t h e  top. Decant as 
much water as p o s s i b l e  a f ter  a l l o w i n g  r e s i n  t o  s e t t l e  thoroughly.  

e) Add conc  HC1 i n  t h e  amount o f  10% o f  t h e  volume o f  the  s l u r r y  and 
s t i r .  

f) If t h e  s l u r r y  is too  t h i c k ,  d i l u t e  w i t h  1.2 M, HCL.  

g) Always keep a l i q u i d  layer o v e r  t h e  r e s i n .  

2 )  P r e p a r a t i o n  o f  the  i o n  exchange columns.  

Prepare  a plug o f  g l a s s  wool f o r  t h e  bottom o f  t h e  coluan.  

I n s e r t  g l a s s  wool plug i n  g l a s s  chromatographic  column which has  
a 250  mL r e s e r v o i r .  
l o n g  p i e c e  o f  g l a s s  rod or g l a s s  tubing .  
under t h e  column. 

Pack i n t o  t h e  bottom o f  the  column u s i n g  a 
P l a c e  a 600 ml b e a k e r  

Using a wash b o t t l e ,  wash down t h e  s ides o f  t h e  column w i t h  1.2 M 
H C l .  Add enough as ix  
t o  g i v e  about  1" o f  l i q u i d  above g l a s s  wool. 

Close s topcock  af ter  stem o f  column f i l l s .  

Pack g l a s s  wool w i t h  g l a s s  rod  to e x p e l  any a i r  bubbles  which might 
b e  trapped i n  the  g l a s s  wool. D r a i n  l i a u i d  t o  j u s t  above g l a s s  wool 
Plug.  -. 
Add about  30 m l  o f  res in  s l u r r y  to  e a c h  column us ing  a l a r g e  b o r e  
p€pet .  Be  c a r e f u l  n o t  t o  g e t  r e s i n  on walls o f  r e s e r v o i r ,  a s  it 
w i l l  a l l  have to b e  washed down i n t o  t h e  column proper.  

F i l l  t h e  p i p e t  w i t h  resin slurry. Open t h e  s topcock  on t h e  column 
and l e t  l i q u i d  start t o  d r a i n ,  R e s i n  w i l l  pack down. The res in  
level should b e  even w i t h  or a l i t t l e  above t h e  l i n e  marked on t h e  
columns. ( R e s i n  column should b e  a b o u t  20 ml). If i t  i s  t o o  low, 
l e t  some of t h e  resin s l u r r y  i n  t h e  p i p e t  d r a i n  s lowly  o n t o  t h e  
resin bed as t h e  l i q u i d  d r a i n s  u n t i l  t h e  resin bed i s  a t  t h e  proper  
l e v e l .  Do n o t  a l l o w  l i q u i d  t o  d r a i n  below top of r e s i n  bed - some 
l i q u i d  should always b e  above it. 

Wash down t h e  i n s i d e  o f  t h e  reservoir and column w i t h  1.2 HC1 t o  
remove any r e s i n  which may a d h e r e .  Drain l i q u i d  i n  column t o  t h e  
t o p  o f  t h e  r e s i n  bed t o  remove any  r e s i n  which may be adher ing  t o  
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t h e  column walls. Then add 1 2 HCL, v e r y  c a r e f u l l y  t o  avoid 
d L s t u r b i n g  t h e  r e s i n ,  t o  a depth o f  about  1". L e t  r e s i n  s e t t l e ,  
t h e n  add 1.2 M H C l  t o  w i t h i n  1" of t o p  of column below r e s e r v o i r  
Allow r e s i n  tz s e W l e  complete ly .  

h) Using f u n n e l  whose stem does not  r e a c h  t h e  bottom o f  the  r e s e r v o i r ,  
add a 5 m l  b e a k e r f u l  o f  60-100 mesh p u r i f i e d  s p h e r i c a l  grained 
si lFca  sand, Add the sand i n  a small stream so as not  t o  d i s t u r b  
t h e  r e s i n  bed. If t h e  sand and r e s i n  l a y e r s  become mixed, discard 
c o n t e n t s  o f  column and start  over .  

i) Drain Liquid  comple te ly  from column. Sand w i l l  mainta in  s u f f i c i e n t  
capi l lar i ty  t o  prevent  l i q u r d  l e v e l  from going  below top o f  r e s i n  
bed. 

3) Wash r n s r d e  of r e s e r v o L r  and column w i t h  20-30 ml cone H C l .  Dram 
column a t  maximum f low,  d r a i n  column c o m p l e t e l y .  

k) Add 100 ml 1 2 M, HC1 column. 
(1 drop every 2 sec).  Drain c o m p l e t e l y .  

L e t  d r a i n  a t  a f low rate of 3 ml/min. 

3)  I o n  exchange s e p a r a t i o n .  

a) D i l u t e  t h e  sample s o l u t i o n  i n  the  p y r e x  b e a k e r  t o  50 nl with  6 M H C l .  - 
b) Add volume o f  conc  H C l  t o  the  sample e q u a l  t o  the  sample volume. 

c) Add 1 drop 309, H202 per 10 ml o f  sample s o l u t i o n ,  

d)  Cover w i t h  a watch g l a s s  and h e a t  be low b o i l i n g  f o r  1 hour. (May 
also h e a t  t o  below boi lLng  and t h e n  a l l o w  t o  s i t  a t  ambient temp- 
e r a t u r e  overnight . )  Remove from h e a t  and cool t o  room temperature.  

e )  Meanwhile,  add 200 m l  9 M, HC1 t o  t h e  prepared  resin column. Allow 
t o  d r a i n  at  a rate o f  3 ml/rnin (1 drop/2  sec). 

f) Q u a n t i t a t i v e l y  transfer the  sample from t h e  pyrex  beaker  t o  t h e  
column u s i n g  9 HCl t o  rLnse t h e  b e a k e r .  Allow the  column t o  
d r a i n  a t  t h e  same rate as Ln e) a b o v e ,  

g) Using 9 fi HC1 r i n s e  t h e  insLde o f  t h e  r e s e r v o i r  and column w i t h  
a b o u t  1s ml o f  a c i d .  Al low t o  d r a f n .  R e p e a t  twice more. 

h) Remove 600 ml b e a k e r ,  r e p l a c e  w i t h  p y r e x  b e a k e r  which he ld  t h e  sample. 

i) Add 15 m l  7.2 M "03, r i n s i n g  s i d e s  o f  reservoir. 
a rate of 1.5 ZL/rnin (1 drop/4 sec). 
o f  15 ml of 7 .2  g HN03. 
extended p e r i o d ,  s i n c e  a i r  bubbles  may form in column as resin s h r i n k s  
if it is l e f t  dry.  

A l l o w  t o  d r a i n  a t  
R e p e a t  w i t h  a second a lLquot  

Do n o t  a l l o w  column t o  remain dry for any 

J )  Add 45 m l  7 . 2  HNO3 t o  column. Check flow rate t o  be  s u r e  it i s  
m a i n t a i n e d  a t  1.5 ml/min. R e a d j u s t  f low rate Lf necessary.  
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k) After HN03 has drained, rinse column with 5-10 m l  1.2 
exceed 10 m l )  and rinse outside o f  stem o f  column with 1 2 M - HC1. 
Drain a t  same rate as "03. 

H C l  ( -- do no t  

-- 
4 

1) Place clean 50 ml beaker labelled w i t h  sample number under  column 

rn) Elute p l u t o n i u m  w i t h  50 ml 1 2 31 H C 1  containing 1 ml 30% H202. 
Eluent f l o w  rate should be 3 rnl7min (1 drop/Z sec). 
freshly before use. 

Prepare eluent  

. 
n) Flow rate may decrease due to expansion of the resin. 

be readjusted unless it stops altogether. 
It need not  
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P u r i f i c a t i o n  o f  Plutonium-236 Standard 

1. 
a c i d .  If t h e  plutonium is i n i t i a L L y  i n  6M h y d r o c h l o r i c  a c i d  and has  a 
g r e a t e r  volume, evaporate  t o  50-ml.  

Prepare a s o l u t i o n  of &e plutonium-236 i n  50-rnl o f  6M h y d r o c h l o r i c  

2 Add an equal  volume o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  to a d j u s t  t h e  
s o l u t i o n  t o  a 9M a c i d  c o n c e n t r a t i o n .  Add LO drops o f  30% hydrogen perox ide ,  
c o v e r  the  beaker  w i t h  a watch g l a s s  and h e a t  between 80 and 90°C for 1 hour. 
Allow t o  c o o l .  

3. 
of Plutonium 

Prepare a n  i o n  exchange column as d e s c r i b e d  i n  I o n  Exchange S e p a r a t i o n  
E q u i l i b r a t e  w i t h  9g HCL. 

4 .  Pour the  plutonium s o l u t i o n  i n t o  t h e  r e s e r v o t r  and r i n s e  the beaker  
w i t h  9M h y d r o c h l o r i c  a c i d .  
min) . Adjusc  t h e  f low rate t o  L drop/2 seconds (3-ml/ 

5. Then the  s o l u t i o n  has  passed  through t h e  column, r i n s e  down t h e  s i d e s  
o f  t h e  r e s e r v o i r  wi th  about  15-ml o f  9M h y d r o c h l o r i c  acid and a l l o w  t o  
d r a i n .  Repeat the  r i n s e  two times w i t h  25-ml p o r t i o n s  o f  924 h y d r o c h l o r i c  
a c i d .  

6. Add 75-ml of 9M h y d r o c h l o r i c  acid and a l l o w  t h f s  t o  d r a i n  a t  t h e  same 
rate  t o  a s s u r e  t h e  removal o f  thorium from t h e  r e s t n .  

7 .  Mix 15-rnl o f  f r e s h l y  prepared 1M ammonium iodide wi th  4s-ml o f  concen- 
t r a t e d  hydrochlor tc  a c i d  and u s e  t h i s  t o  e l u t e  the  plutonium a t  a f low r a t e  
of 3-ml/min. C o l l e c t  t h e  p lutonium-conta in ing  e l u a t e  i n  a 150-ml beaker .  

8. Add 15-ml o f  c o n c e n t r a t e d  nitric a c i d  t o  the  e l u a t e  and evaporate  t o  
dryness .  

9. D i s s o l v e  t h e  r e s i d u e  i n  6M h y d r o c h l o r i c  a c i d  and 2 , l u t e  the  s o l u t i o n  
t o  approximately 200 pCi/ml w i t h  6M h y d r o c h l o r i c  acid. 

10. The uranium-232 may be r e c o v e r e d  f r o m  t h e  resin f o r  u s e  as a tracer 
standard by washing t h e  r e s i n  w i t h  50-1111 of 9M h y d r o c h l o r i c  a c r d  and then 
e l u t i n g  wi th  100-ml o f  1.2M h y d r o c h l o r i c  a c i d .  



S t a n d a r d i z a t i o n  o f  Plutonium-236 T r a c e r  

1)  
an  a c t i v i t y  o f  approximately  5 p C i / L O O  ul. 

2 )  I n  each o f  f o u r  c l e a n  g l a s s  weLghing b o t t l e s ,  weigh a LOO u l  a l i o u o t  o f  
the s tandard  239Pu s o l u t i o n .  

3) 

4) 
H202 t o  each b o t t l e .  L e t  s i t  a t  l e a s t  30 mLn. 

5) Q u a n t i t a t i v e l y  t r a n s f e r  t h e  c o n t e n t s  o f  t h e  weighing b o t t l e s  t o  f o u r  50 ml, 
b e a k e r s  wi th  1 2M - HCL. 

Make a d i l u t i o n  o f  the’200 p C i / m l  s t o c k  236Pu s o l u t i o n  i n  6M - HCL t o  y r z l d  

Add a LOO u l  a l i q u o t  o f  t h e  d i l u t e d  236Pu s o l u t i o n  t o  each b o t t l e .  

Wash down t h e  walls of the  weighing b o t t l e s  wi th  1.2M H C l .  Add 1 ml 30% 

6) Add 2 0  drops conc H2S04 t o  
as u s u a l .  

each  b e a k e r ,  evaporate  t o  fumes o f  SO3, plate  

7) In format ion  t o  b e  suppl ied t o  c o u n t i n g  f a c i l i t y  date o f  p u r i f i c a t i o n  
o f  236Pu tracer,  date of d i l u t  on, a l i  u o t  o f  236Pu s o l u t i o n ,  weight  o f  
239Pu s o l u t i o n ,  specific a c t i v i t y  o f  239Pu s o l u t L o n ,  date p l a t e d  
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P o l i s h i n g  P l a n c h e t s  f o r  Plutonium 

1) 3/4" d i a m e t e r  s t a r n l e s s  s t e e l  f lat  p l a n c h e t s  are used f o r  the  e t e c t r o -  
d e p o s i t i o n  o f  plutonium. 

2 )  P r e l i m i n a r y  p o l i s h i n g . 4  

a )  Because  o f  t h e  stamping p r o c e s s  by wfiich they a r e  manufactured, 
t h e  c i r c u l a r  p lanchets  have a rough b u r r  on t h e  o u t s i d e  rim on 
one s ide .  S o r t  t h e  p l a n c h e t s  t o  be  p o l i s h e d  so t h a t  the  rough 
s i d e  is up. . 

b) The p l a n c h e t s  w i l l  be  po l i shed  i n  two s t a g e s -  f i r s t  with l a v i g a t e d  
alumina,  second wi th  Beuhler  AB p o l r s h i n g  alumina. 

c )  Put t h e  canvas  l a p  on the  p o l i s h i n g  wheel  which has  been used for 
l a v i g a t e d  alumina. Be  s u r e  t h a t  i t  is s t r e t c h e d  t i g h t l y  over the  
s u r f a c e  of t h e  wheel and t h a t  t h e  r e t a i n i n g  r i n g  does not protrude 
above t h e  edge o f  the  wheel. 

d )  Use a 59. s l u r r y  o f  l a v i g a t e d  alumina i n  de ionized  water  i n  a wash 
b o t t l e .  

e)  Turn t h e  wheel  on t o  high speed Be  s u r e  the  d r a i n  is over the  
s i n k .  Wet t h e  wheel thoroughly w i t h  d e i o n i z e d  water. Then add 
a 5-10 m l  p o r t i o n  o f  the  well mixed p o l i s h i n g  s l u r r y  t o  the c e n t e r  
o f  t h e  wheel .  

f) Using a #2 rubber  s topper  and masking tape, a f f ix  t h e  back o f  an 
unpol ished p l a n c h e t  ( the  side w i t h o u t  t h e  burr )  t o  t h e  rubber 
s topper .  

g) Using a c i r c u l a r  motion,  apply the b u r r e d  edge o f  t h e  p lanchet  t o  
t h e  o u t e r  1 / 3  o f  t h e  wheel.  R o t a t e  t h e  p l a n c h e t  around the wheel 
i n  t h e  d i r e c t i o n  oppos i te  the d i r e c t i o n  o f  r o t a t i o n  o f  the wheel. 
A t  t h e  same time r o t a t e  t h e  wrist so t h a t  a l l  o f  t h e  p lanchet  r i m  
comes i n  c o n t a c t  w i t h  the  wheel d u r i n g  t h e  r o t a t i o n  o f  the p lanchet  
around t h e  wheel.  Grind t h e  b u r r  o f f  t h e  edge complete ly  by t h i s  
p r o c e s s .  

h) Then p o l i s h  t h e  f l a t  s u r f a c e  o f  t h e  p l a n c h e t .  R o t a t e  t\e planchet  
i n  t h e  d L r e c t f o n  o p p o s i t e  t h e  w h e e l ' s  r o t a t i o n  w i t h  the  f la t  sur -  
face in c o n t a c t  wi th  t h e  wheel.  Use t h e  i n n e r  t h i r d  o f  the  wheel 
surface. 
preltatinary p o l i s h i n g  s t e p .  

The p l a n c h e t  w i l l  n o t  have  a m i r r o r  f i n i s h  after  t h i s  

i) Remove p l a n c h e t  from stopper. Wash thoroughly w i t h  water c o n t a i n i n g  
d e t e r g e n t  to  remove p o l i s h h g  compound. Dry on  paper towels.  

3) F i n a l  p o l i s h i n g .  

a) After a l l  p l a n c h e t s  have been  through p r e l i m i n a r y  p o l i s h i n g ,  remove 
l a p  from wheel ,  and r e p l a c e  w i t h  l a p  used w i t h  AB alumina. 

b) A t t a c h  p l a n c h e t  t o  s topper  as b e f o r e .  Turn on wheel ,  wet l a p  
thoroughly  wLth water and add d i l u t e d  AB alumina s l u r r y  t o  c e n t e r  
o f  wheel .  
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C) P o l i s h  f l a t  s u r f a c e  of p lanchet  as b e f o r e ,  b u t  c o n t i n u e  p o l u h i n g  
u n t i l  a m i r r o r  f i n i s h  is obta ined .  

4) Cleaning  p l a n c h e t s .  * 
a) Uash p l a n c h e t s  thoroughly wi th  d e t e r g e n t .  Be s u r e  t o  remove all 

p o l i s h i n g  compound and adhesive  from masking tape. 

b)  R i n s e  well w i t h  deionized water, 

c) Wash w i t h  a c e t o n e ,  d e c a n t ;  r i n s e  wi th  d e i o n i z e d  water. 

d) Cover p l a n c h e t s  w i t h  25% v/v “03. 
B r t n g  acid to  a boil and b o i l  p l a n c h e t s  5 min. Remove from heat .  
Cool t o  room temperature.  

Cover b e a k e r  w i t h  a watch glass. 

e) R i n s e  p l a n c h e t s  thoroughly w i t h  d e i o n i z e d  water t o  remove a l l  acid. 
S t o r e  p l a n c h e t s  under de ionized  water and covered wi th  a watch 
g lass  . 
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E l e c t r o d e p o s i t i o n  o f  Plutonium 

1) P r e p a r a t i o n  o f  sample. 

a) To e l u a t e  from ion+xchange column, c a u t i o u s l y  add 20 drops o f  conc 
H2SO4. 

b )  

c) Add 3 m l  water t o  b e a k e r ,  cover  with  a watch g l a s s .  

d )  Heat u n t i l  water r e f l u x e s  o f f  watch g l a s s .  Avoid b o i l i n g .  Remove 

Evaporate to  SO3 fumes over low heat  Remove from h e a t  and c o o l .  

. 
from h e a t  and c o o l .  

2 )  Construct ion  o f  e l e c t r o d e p o s i t i o n  c e l l .  

a) Punch a h o l e  3/4" d i a  in the bottom o f  a p l a s t i c  s c i n t i l l a t i o n  v i a l ,  
us ing a c o r k  borer.  

b)  Soak v i a l s  in s t rong  chromic acid c l e a n i n g  s o l u t i o n  3 hours o r  longer.  

c )  Rinse  wi th  w a t e r ,  soak v i a l s  in 25% v/v "03 f o r  1 hour o r  longer .  

d )  R i n s e  v i a l  with  water .  

e )  With forceps  remove a pol ished 314" planchet  from the  water  i n  which 
the  p l a n c h e t s  are s tored .  P l a c e  t h e  p l a n c h e t ,  po l i shed  side up, on 
the  f i n g e r s  o f  the l e f t  hand. 

f) Hold t h e  c l e a n  v i a l ,  threaded end down, above the  p lanchet .  Lower 
t h e  v i a l  over  the  p lanchet  and apply a vacuum t o  t h e  end o f  the  v i a l  
wi th  t h e  ho le .  
Screw on a per fora ted  cap f i t t e d  wi th  a r i v e t  w h i l e  maintaining the 
p lanchet  i n  p o s i t i o n  by t h e  a p p l i c a t i o n  o f  vacuum. 
on t i g h t l y .  

* Center  the  planchet  over  t h e  mouth of t h e  v i a l .  

Screw the  cap 

g) Add water t o  the  v i a l  u n t i l  it  i s  1/3 f u l l .  Apply vacuum again.  If  
no l a r g e  bubbles r i se ,  t h e r e  is  no leak. If t h e r e  i s  a l e a k ,  empty 
t h e  water from the v t a l  and r e c o n s t r u c t  the  c e l l .  

h) Fill cell with  water. 

3) E l e c t r o d e p o s i t i o n  using Eberbach plater.  

a) Add 3-5 drops thymol b l u e  i n d i c a t o r  t o  sample s o l u t i o n .  

b) N e u t r a l i z e  s o l u t i o n  t o  ye l low endpoint by dropwise a d d i t i o n  of conc 
NH4OH. 

c) Empty c e l l ,  place r i v e t  o f  c e l l  i n  c e l l  ho lder  so c e l l  is standing 
uDr igh t . 

* 
The apparatus  f o r  applying 
equipped w i t h  one-hole s t o p p e r ,  to which is a t t a c h e d  a two-hole s topper  
by means of a l e n g t h  of tubing.  The vacuum can b e  appl ied  and r e l e a s e d  
simply by c o v e r t n g  the  second h o l e  i n  the  rubber  s topper  when t h e  s top-  
p e r  is placed  over  t h e  h o l e  in t h e  v i a l .  

t h e  vacuum c o n s i s t s  of a side-arm f l a s k  

r 
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d )  Q u a n t i t a t i v e l y  t r a n s f e r  sample s o l u t i o n  t o  c e l l ,  use  a t o t a l  o f  6 ml 
0 .18  M H2S04 t o  r i n s e  t h e  b e a k e r  t h r e e  times, us ing  2 ml e a c h  time. 
Add r k e s  t o  c e l l .  

3 

e) N e u t r a l i z e  s o l u t i o n  i n  c e l l  t o  t r u e  orange endpoint  by blowing 
gaseous NH o v e r  t h e  s o l u t l o n  and s w i r l i n g  ( s o l u t i o n  should have a 
s l i g h t  p i n  $ c o l o r  when viewed through t h e  side o f  the  c e l l ) .  * 

f) S e t  c e l l  i n  c e l l  h o l d e r ,  t i g h t e n  s h a f t  l o c k  t o  hold r i v e t  t i g h t l y .  

g) 

. 
R i n s e  p la t inum-ir id ium e l e c t r o d e s  w i t h  water, dry  upper ends. 
Insert i n  p o s i t i v e  e l e c t r o d e  h o l d e r s .  

h) I n s e r t  ca thode  i n  c e l l  and swing support  s h e l f  out  so  t h a t  i t  i s  
under c e l l  ho lder .  Push c e l l  assembly back so t h a t  bottom of 
ca thode  c a n  b e  viewed through c e l l  wall. 

1) P o s i t i o n  ca thode  so p e r f o r a t e d  bottom p l a t e  is about 3/16'' above 
shoulder  of c e l l .  Then p o s i t i o n  c e l l  so t h a t  cathode i s  c e n t e r e d  
l a t e r a l l y .  Repeat  s t e p s  a) through i) f o r  second sample. 

j) Turn o n  power swi tch .  I n i t i a l l y  c u r r e n t  should read about  0.8 amp 
and DC power should read no more than  8 - 8 . W .  C u r e n t  w i l l  i n c r e a s e  
as e l e c t r o l y t e  warms during p l a t i n g .  After aboLt  30 min t h e  c u r r e n t  
should l e v e l  off  a t  1 . 2  amp. 

k) Continue e l e c t r o p l a t i n g  f o r  a t o t a l  o f  1 hour 1 5  min. 

1) N e u t r a l i z e  p l a t i n g  s o l u t i o n  w i t h  10 m l  1 9 h'H40H. 
f o r  30-60 sec. 

Continue p l a t i n g  

m) Without t u r n i n g  power off, remove ca thode  from c e l l ,  remove c e l l  
from c e l l  holder .  DLscard e l e c t r o l y t e .  R i n s e  c e l l  t h r e e  times wi th  
c e l l  r i n s e  s o l u t i o n ,  then  t h r e e  tLmes w i t h  e t h a n o l .  D i s c a r d  washes. 

n) Disassemble  ce l l .  D i s c a r d  v i a l .  Remove p l a n c h e t  wi th  f o r c e p s  and 
d r y  b y  letting l i a u i d  d r a i n  on a paper  towel.  
cupped p l a n c h e t  marked w i t h  sample number. 
i n  d i s p o s a b l e  pLastLc  p e t r i  dLsh marked w i t h  a l l  sample in format ion .  
D i s c a r d  rivet. 

P l a c e  p l a n c h e t  i n  
P l a c e  cupped p l a n c h e t  

0)  R e p e a t  s t e p s  1) through n) w i t h  second c e l l .  Turn o f f  power af ter  
remavFng second cathode from ce l l .  

p) Heat cupped p l a n c h e t s  c o n t a i n i n g  f l a t  p l a n c h e t s  on h o t  p l a t e  for 
2-5 min. L e t  c o o l  and p l a c e  b a c k  i n  p e t r i  d i s h e s .  

q) Deliver t o  count ing  faci l i ty.  

* 
If orange endpoint  i s  passed ,  add 1.8 M, H2SO4 dropwtse t o  r e t u r n  t h e  s o l u t i o n  
t o  t h e  proper  pH. 
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Stat f s t l ca l  analyses were performed on monthly plutonlun in a h  
concentratlon data collected from 27 dlfferent alr sampler stations. 
The data were collected fran November 1976 through July 1978* The 
a i r  sampler statlons were located on or outside but wlthfn two mlles 
of the perlmeter of the Rocky Flats Plant buffer zone. These statfons 
are denoted as S-31 through S-47, S-52, S-57, S-58, S-59. and S-63 
through S-68, The nine stations denoted S-45, 5-46, S-47, and S-63 
through 5-68 were Installed to col lect  data for pendlng litlgstlon. 
TCJO of  these s t a t i o n s  w e  analyzed by an Independent laboratory. 
The m a l n l n g  eighteen stations are part of  the c o n t l n u h g  Rocky Flats 
Plant monftorlng program. 

The data lndlcate no slgnlffcant dtfforences between the twenty-seven 
statfans as 8 group. Cfkewlse, there is no slgnlflcsnt difference 
between the nlne 1i ttgation stat ions as canpsred to the remafning eighteen, 
The two l l t i g a t i on  stations analyzed by the lndependent laboratory do 
not differ fran the other statlons, 

' 

It f s  concluded that the nine sampler stations Installed for Tltigatlon 
do not yield Information not provtded by the routine Rocky flats 
monitorlng statlons and hence should be dlsconttnued, Moreover, the 
need for a l l  of the statlons Included fn the routfne monitoring program 
should be fnvestlgated. 

I 

M. W. Hwe 

MWH: sao 

cc: 
R, N. Chandr 
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- AIR SAMPLE STATXONS ( P U  C O N C .  IN pci/ml~10-15 

5-39 - S-40  1 3 8  - S-38 -. s-37 - S-36 - s-35 - Data - 
YOV 76 
- DEC 76  
- JAN 77 
- FED 77 
- MAR 7 7  

- APR 77 
- MAY 77 
J U N  77 
I JUL 77 % 

AUG - 7 7  

S_EP 77 
- OCT 7 7  

NOV 77 
I ;;EC 77 
- JAN 78  

F_EB 78  
- MAR 78 

..L APR 7 8  
- MAY 78 

- JUN 7 8  
-. JUT, 78 

0 . 0 3 7  
0 . 0 0 6  
0.007 
0,008 
0 . 0 1 5  

0.017 
0 .055  
0 .045  
0 . 0 4  
0 . 0 5  
0 . 0 3  
0 . 0 7  
0 . 0 3  
0 . 0 3  
0 .03  

0.05  
0.18 
0 .14  
0 . 0 7  
0 .05  
0 .05  

0 .  os1 
0.008 

0 . 0 1 4  
0 . 0 0 9  
0 . 0 2 0  
0 . 0 2 5  
0 . 061 
0 . 0 5 6  
0 .05  
0 .05  
0.07 
0 . 0 s  
0 . 0 3  
0.04 

0 .04  
0 . 0 6  
0 . 2 3  

0.17 
0.08 

0.06 
0 . 0 3  

0 . 0 4 9  
0 .022  
0 . 0 2 4  
0 , 0 1 2  
0 . 0 1 7  
0 . 0 2 3  
0 . 0 4 9  

0.063 
0 . 0 5  
0.06 
0 .04  
0.09 
0 4 0 4  
0.06  

0 .04  
0.05 

0.1s 
0.21 
0 . 0 8  
0.04  

0.05  

0 . 0 3 6  
0 . 0 0 6  
0 . 008 
0 . 0 0 7  
0.01s 
0.015 
0 . 056 
0 . 0 5 1  
0 .04  
0 . 0 4  
0.03 
0.06 
0 4 0 3  

0 . 0 3  
0 . 0 3  
0.04 

0 . 1 5  
0.08 
0.06 

0 . 0 7  
0.04 

0.025 0.034 139 
0 .005 0.010 140 
0.010 0 , 0 2 5  ( 4 1  
0 .007  0.012 1 4 2  
0.014 0 ,020  143 
0.023 0 .023 1 4 4  
0 . 0 6 9  0 .060  t 4 5  
0 .058 0.055 146  
0407 0.04 t 4 7  
0.04 0 .04  148 
0 , O Q  0.04 149  
0 .07  0.07  150 
0 . 0 3  0 . 0 3  1151 
0 . 0 3  0.04 (152 
0 . 0 4  0 . 0 4  ( 5 3  

0 , 0 6  0 . 0 6  1 5 4  
0 .19  0 . 2 8  155 
0.17 0.14  t56 
0.06 0 . 0 8  1 5 7  

0.0s  0 . 0 6  YS9 
0.04 0 . 0 7  I S 8  



Date 
--a 

1 NOV 76 
.. DEC 7 6  
- JAN 77 
- FEB 77 
1 MAR 77 
I APR 77 
I MAY 7 7  
I JUN 77 

- AUG 77  
JUL - 77  

I. SEP 77 

yov 7 7  
.I DEC 77 

- OCT 77 

- JAN 78 
- FEB 7 8  
_MAR 78 
FPR 78 
- MAY 78 
- JUN 78 
- JUL 78 
.-. AUG 7 8  

- AIR SAMPLE STATIONS 

S-41 - 
0 ,027  
0 . 0 0 5  
0.004 
0 , 0 0 7  
0 016 
0.022 
0 . 069 
0 055 
0 .04  
0 .05  
0 .04  
0.06 
0 . 0 4  
0 . 0 3  
0.04 
0 . 0 6  
0.26  
0.22 

0 . 0 3  
0 . 0 8  
0.07 

S-42  - 
0 . 0 2 8  
0.005 
0 0 0 8  
o .a09 

0.015 
0.024 
0.211 
0.050 
0.05 
0.05 
0 .05  

0 . 0 9  
0.04 
0 .03  

0 . 0 5  
0 . 0 4  

0 . 1 7  
0 .15  

0 .12  
0.06 
0 .09  

( P U  CONC. IN ~i/mlxl0-15 P 
s-43 -- 

0 b 020 
0.009 

0 . 0 0 8  
o.aio 
0.020 
0 . 0 2 5  
0.067 
0 . 0 5 4  
0.04 
0 . 0 3  
0 . 0 6  
0 . 0 5  
0.03 
Om04 

0.04 
0.05 

0.23 
0.09 
0 . 1 1  
0 . 0 7  
0 . 0 s  

S-66 - 
0.02 
0.02 
0.01 
0.03 
0.02 
0 . 0 2  
0 . 06  
0 . 0 5  
0 . 0 5  
0 a 0 4  
0 . 0 8  
0 . 0 4  
0 .04  
0.04 

0 .04  

0 . 0 5  
0.34 
0.16 
0.11 
0 . 0 7  
0.05  
0 . 0 5  

S-67 - 
0.04 
0 . 0 1  
0 . 0 2  
0 . 0 1  
0.02  
0 . 0 2  
0 .05  
0 . 0 5  
0 .04  
0 . 0 4  
0 . 0 6  
Om04 
0 . 0 5  
0.04 

0 002 

0 . 0 7  
0 . 2 9  
0.13 
0.09 
0.09 
0.12 
0 . 0 6  

S-68 - 
0 . 0 3  

.01  
0 . 0 2  
0.04  
0 .02  
0 . 0 2  
0.06  
0 .04  
0 .05  
0.04 
0.04 
0.04 
O b 0 4  
0.04 
0 .11  
Ob06 

0 .28  
0 . 0 4  
0.12 
0 006 
0.09 
0 . 0 6  

1 6 2  

# 6 4  

165 
#66 

#67 
968 

169 

170 
1 7 1  
# 7 2  
f 7 3  
+ 7 4  

175 
#76  
177  
# 7 8  
#79  
t 8 0  
181 
# 8 2  
183 
#84 
#85  
# 8 6  

(b 
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P -  a 7  

- AIR SAMPLE STATIONS ( P U  CONC. IN p~i/mlxl0-15 

99 bate s-34 s-49 S-52 s-57 S-58 
JEFFCO WALNUT WAGNER -- - - - -- 

- NOV 76 
- DEC 76 
L. JAN 7 7  
.e FER 7 7  
- MAR 77 
- APR 77 

d MAY 77 
ZUN 77 
I. JUL 77 
- A N  77 

. 
SEP 77 
- OCT 77 
- 

NOV I. 77 
- DEC 77 
- JAN 78 

t - FED 78 

MAR 7 8  

APR 78 
4 MAY 7 8  

d JUN 78 
". JUL 78 

- 
-. 

0 . 028 
0,005 
0.010 
0 .008 
0,017 
0 b 022  
0 .060  
0 ,043  
0.04 
0 .05  
O e 0 4  
0.09 
0.03 
0.04 
0.04 
0 . 0 5  
0,19 
0 . 2 4  
0 . 0 8  
0 . 0 7  
0106 

0 . 0 3 7  
0 . 0 0 7  
0 .006  
0 . 009 
0.016 
0,027 
0 . 0 6 3  
0.058 

0 . 0 4  

0.01 
0 . 0 5  
0.05  
0.02 
0 . 0 3  
0 .04  
0 . 0 s  

0.21 
0.11 
0 . 0 8  
0 . 0 5  
0 . 0 3  

0.019 

0.011 
0.005 
0 .007 
0 . 0 1 6  
0 . 0 2 3  

0 . 0 5 3  

0,059 
0.05 

0 .05  
0 . 0 7  
0 , 0 4  
0 . 0 6  
Ob03 
0 . 0 3  
0.05 

0 . 2 5  
0.12 
0.05  

0 . 1 2  
0 . 0 6  

0 -017 
0 I 008 
o b 0 0 5  
0 . 006 
0 .017  
0 . 0 2 4  
0 .064  

0 , 0 5 5  

0 . 0 2  
0.04 
0.03  
0 . 0 7  
0 . 0 5  
0 . 0 3  
0 . 0 4  
0 . 0 3  
0.15 
0 . 4 3  
0 . 0 6  
0 . 0 7  
0 . 0 6  

0.017 
0.010 
0.009 
0.011 
0.019 
0.020 
0.067 
0.055 
0 . 0 4  

O t 0 4  
0 . 0 7  
0 . 0 7  
0 . 0 6  
0 . 0 4  

O b 0 6  
0 . 0 5  
0.17 
0.09  
0 .12  
0 . 0 6  
0 . 0 6  

189 

s-39 191 
LEYDeN 192 
--I 

0 ,022  
0 . 0 0 7  
0,004 
0 . 009 
0 .010 
0.021 
0 . 0 4 4  
0 . 0 3 7  
0 . 0 3  
0 .03  
0606 
0.05 
0 . 0 5  
0 . 0 3  
0.04 
0 .05  
0.14 
0 . 1 1  
0 . 0 7  
0 .05  
0.10 

# 9 4  

(195 

196 
197 
198 
199 
1100 
1101 
1102 
1103 
# 104 
1105 
1106 
(107 
1108 
1109 
t110 
1111 
#112 
1113 
1114 



r i n e -  4 - 9 1  W E D  - : 3 8  la 

I .  
P, 6 8  

Data 
- NOV 76 
". DEC 76 
ZAN 77 
- E'L'B 77 
MAR 77 
- APR 7 7  
- MAY 77 
JUN 77 
- JUL 77 
A_UG 7 7  

-- 

b 

- SEP 77 
OCT 77 
NOV 77 1 
L 

. FEB 70  
- MAR 7 8  ; 

\ *  - APR 78 
L- MAY 70 
- YUN 78  
2 U L  78 

C I  

S-31 
0.017 
0.008 
0.006 
0.010 
0.016 
0,020 
0.059 
0.206 
0.06 

- 

0 6 0 5  
0 . 0 6  
0.09 
0 . 0 3  
0.04 
0 . 0 7  
0.07 
0.08 

0 .19  
0.12 
0 * 0 6  
0.05  

5-32 
0.112 
0.006 
0.005 
0.005 
0.015 
0 .019  

0.050 
0 . 0 5 3  
0.06 
0.04 
0.05 
0.06 
0.03 
0 , 0 3  
0.03 
0.04 
0.16 
0.11 
0.09 
0.09 
0.04 

- 5-33 
0 . 0 3 1  
0 . 0 0 3  
0 . 0 0 6  
0 . 0 0 8  
0 . 014 
0.021 
0.059 
0 . 0 4 8  

0 . 0 4  
0 . 0 4  
0 .04  

- 

0 * 0 7  
0 .04  

0 .04  
0 . 0 3  
0.04 
0.17 
0.16 
0.07  

0.16 

0 .07  

1119 

I121 
1122 
1123 
1124 
1125 
1126 
1127 
#l28 
1129 
I130 

t131 
1132 
1133 
P134 
8135 
1136 
1137 
1 1 3 8  
#139 
11140 
1141 
y1142 

. 
t . 
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In trod uc iion 

Litgation proceedings were initiatsd against tne Rocky Flats Plant clairnirlz 
radionlxli6e depositions from the Plant on lards adjacent to the ?!ant caused tFle 
lands to be unfit for human habitation and use. To answer these clmms, extensive 
soil and air sanplmg projets were conducted in 1976 and 1977. The procec:ures 
used in  these projects and the results obtained were presented to the U S Diqt~ict 
Court, Denver, Co1o:ado- Summary sod sanple resuits are included in tqis 
document Complete detalls corxerning trre litigation pograrn ars avnilaolz At 
the request of local landowners, a supplement4 sod sample program was iqitiated 
in the summer of 1978 to cnaracterize plutonium conceptiations on other laws 
adjacent to tne Rocky Flats Plant. 

Tne number of sample slizs per parzel of land was determined from R 
ststistical evaluation of existing plutonium irl soil data. A cornplzte description 3f 
t%e proceddres used is recorded in the trapscript of "Hearings on Soil Sarnplt-~g'~ 
held in U 5 District Court, Denver, Colorado, 1977 (Civil Action Numbers 75-:-- 
1111, 75-?,1-1162, and 75-M-1296) 

The locations of seventy-one (71) sail sample sites were surveyed by a 
I professiond surveyor, marked on the grouxl and plotted on a topograp3ic 

' o .J quadrangle map showing the land parcels. Soil samples were collected by Eberline 
Instrument Corporation by an approved collection technique. Five subsvn$es 
were composited into one sample at each site. Eberline made prelimrnary sample 

<\( ccJ 
preparation and delivered the samples to an independent escrow agent. 

\*( tb Sample batches were prepared by an iqdependent escrow agent. Each baicn 
contained blanks, synthetic standxds, consensus standards, field samples and 
rephcste field samples. The escrow azent provided a coded numbering system 
which  made the vaiiious sampk types indistinguishable from one another. The 
escrow agent submitted sample batches to Eberhe, LFE and IASL laboratoriss for 
analyss. 

L 
C r  

'L 

The radiochemical procedure used for  the determination of plutonium IS a 
modification of the U.S. Nuclear Regulatory Commission Regulatory Guide 4 5 
"Measurements Of Radionuclides L, The Environment-Sarnphng and Analysis Oi 
Plutonium LT The SOLI." The modified version of this procedure is part of the reco:d 
in the hearings mentioned above 

The analytical data were repoTted to the e x r o w  ageiii !\no d x d c u  tile 
After all analyses were completed, the analytical data were sample numbers. 

forwarded to the project mwagement. 
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Snmple Site Locat~ons 

SA’IPLE COLLECTIOX 

c 

The 7’1 sample sites, shown on Figure 1, were located, staked, aild maiked on 
the ground by a professional licensed surveyor and crevv flom Drexd, Darrzll 2nd 
Company, Boulder, Colorado. It vias necessary tg deviate sbghtly from the 
indicated msp sites because of the location of roads, fences and bodies of water. 
Each actual sits, however, was accuratzly plotted on a nap 2nd tile coordinatzs 
recorded by the surveyor. These alternate sites were sckcted by the project 
manager and the sampbng crerv cnref. 

Sample sites werz marked on the ground by piocetlures to os drscr ibed later 
The sample sites were marked wxth d red zapped stake showing map locstion and 
site number. These sites were considered as the centers of 10 meter diameter 
a r e s  for sample collection. The site markers were a11 removed at the conclusion 
of sarnpLng 

Color photographs *vere obtained at each sampl sit? to veril‘y the site 
number and to depict general topography, surface conditions and type and condition 
cf tegetation. 
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SUB VEY IXG PR0CE.D URES 

Using :be s c c t i m  lines of th? respective sections, reference >oifits ve7e 
sh',?d SO feet due west of sample sites. Two reference points per sample site .verz 
med wber, p o s i b k  livestock or farming activities might disturb thc refzrznce 
p o i ~ i ,  Numerical ijentificstron of reference points ABS used, inclusive foe each 
section. Care was taken to mure that each test site remained undistutbed by 
vehicular or pedestrian traffic. Surveying on3 sampling were coordina:ed so that 
no more actial s t e s  Nere loczted and surveyed than were ta be simpled on that 
particular day 

-3- 



Soil sarcples were collzcted d t  ~ Q C ?  sit? oy 2 tec’vtcian undcr d,r-.c: 
pcofessionai super vision. The ieclxtcian nad recervxJ prior tranir-g 17  til2 SOIL 
collectlop tecnnique uillized A description of t i n  tzchnique, urhtch utilizes i 10 S 
13 X 5 cm jig, is giJen in the Court record of Soil Hearings 3nd also L? tne Rack> 
F h t s  Arlnual Environmental hIonitor,nz Xe?: ts 

The plan of operation at each sod sa;;lple site w33 i d e ~ ~ ~ ~ z i l  and detzils itpel e 
recorded in a log book Samples were colleci2d 0.3 metex nortn of thc? si+? m w h e i  
ard at a distance of 5 peters from the site cerltzr at tne four ca?dinal points. 
hese 5 samples were cornposited i n  one ne v one gjllon paint can 

The sample collection log O O G ~  conia,rls the fo l l~wing  i?fornatioti: 

Sample number 

Sample location 

Date of collection 

Name of collector 

Weather conditions 

Sod type 

Vegetation 

Degree and direction of slope 

Sod molsture 

h y  special conditions 

SOIL COLLECTION PROCEDURE 

Field Procedure 

One composite sod sample was collected at each site. This composite 
consisted of five samples 5 centimeters deep. Each subsample was taken usrng n 
sample jlg which outlines an area 10 by 10 centimeters square. Tile jig bas ciriven 
into the ground to a depth of 5 centimeters and a scoop was used to remove the soil 
from inside tne jig cavity 

-4- 



The five surface sarngles were cornposited in n nerv one gallon riiatai oz~n: 
The silrnple coiiaine, ,V?S can and the lid :‘ids sealed w i t h  xelted sealing way 

!abel?d wlih sample nurnber, ssmpk location, date md s,rnatu~ e of collectar 

Labora torv Proceeure 

Prlor to radiochemical anal>sis, each soil sample was placed i n  a c lan  met?! 
pan and ovm dried at llO°C. After drying, the samples were weighed The sampk 
was then s:eved through a 10 :nesh screeq Oversize material v43s vrcighed a,ld 
discarded The fine material w3.s weighed and returned to the original sample can 
The caii *YBS rotated on a ball mi11 (without bnlls) at 120 rpm for 30 rnxsites. The 
sample was then ccned a d  quartered a d  spilt into two equal fr~ctions. One 
fraction was transferxd to a nevv can and labelled with the sample nunber T1m 
matzrisl 1s he13 as reserve sample. The other sad fraction was returred to the 
original sample can. 

Ten 1-inch steel grinding balls were placed in eacn sample can apd tne cdn 
was rotated on a ball  m a  at 120 rpm for at least 4 hours One hundred grain 
aliquots of the homogeneous fine powder .‘me transferred to plastic bottles and 
la belled. 

All sample aliquois ivei-i3 delivered to the independent escrow agent who 
prepared ten gram aliquots for radiochemical analysis The escrow agent subnitled 
batches of 23 lfunknownslt to the laboratories. Each batcn included field samplas, 
rephcate field samplss, synthetic standards, consensus standards and blsnks. 
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A N A L Y S S  OF SOIL FOE: PLUTOI\JIU ll 
J 

411 sod samples vere analyzed f w  p!Q:v,:n 2?9 plus 216 a:< plutoniu-r, 23s  
by a rdciiockmical procedure using alpha particle counting The metncd of anzlysls 
nas that specified in NRC Reguhiory Gulde 4 5 ab ,ncdifizd. An Isotopic tcicer 
(plutonium 236) wi?s added to each san?le bzfo-e drss?lJtion io determine cher;lical 
recovery in the sepa-'stion pmceaure. Recover,?s detxrnined as less t h a  50% 
reqared sample re-analjsis. Plutonium was solated, purified, electrodeposited 
onto a metal planchet and aiialyzed by alpo,a spec t roae ty  Res~\!"s p4tere reportec' 
as disintegrations per minute 239-230 Pu md 238 Pu per Darn of sail 



The goal of the qudity pldn was io acs~?lre t YI+ d3t.i having the higti23: 
attainable precision and a c c x x q  .vas obtiined irl the ,'testiZstlon. Tnw g" 
requi:ed plsr!!ed control of all project elemeics having imoact on the :ntegrity 3 ;  
tre data 

It was the responsibdity of the Rock,veU sub-contractors to pepare and 
utilize complete qu3Lty asslrrdnce and quality control progrms. T)leae pi o,jrzms 
dere reviewed m d  approved by the Rockwell project manager. 

All  aciivltios <it the sample sit?s were conducted in d manner to prevent 
damage to the land and to protect thz integrity of the samples Trozedures viere 
prepared and followed for maintainiqg cnairl of custody of samples from collection, 
through analysis and finally storage. 

Sample identihcation was required to perinit traceability of each sainple and 
its related data from the map site through sample collection, anslysis, and 
reporting. The qmlity plan included procedures for sample ldentificdtion avd 
certification. In order to further blind a l l  samples, &-I independent escrow agent 
renumbered all samples from a list of computer derived random numbers. 

The integrity of a l l  samples .vas maintained during sample collection, 
piickapmg, shipping, storage, preparation and laboratory processing. Sarrpleb were 
protected to avoid alteration of the chemical composition or other charactemtics 
through contamination or alteration of the sample. 

Al l  equipment used for sample site location, sample collectian and sample 
analysls was checked out and calibrated and maintained with records o f  all sucn 
activities kept in permanent log books. Certified standards were used for all 
calibrations. 

The 236 Pu isotopic tracer used for recovery determinations was 
standardized against a National Bureau of  Standards standard source. The tracer 
nad a 238 Pu impurity less than 0.5% alpha activity and a 239 Pu impurity less tkan 
0 1% alpha activity. 

All standards used in the radiochemical procedures are traceable io  Xaiional 
Bureau of Standads standard5. Radiometric standards wefe used to determine 
alpha counter geometry factors. 

Primary analyses were performed by the Eberline Instrument Corporation 
(&IC), Albtiqueque, New Mexico Quality control analyses were performed by LFE 
Environmental Analysis Laboratories (LFE), Richmond, Cabfornia and Los Alamos 
Scientific Laboratcry (LASL), Ne $4 Mexxco. 

A l l  three laboratories routinely participate in inter-laboratory cross-check 
The results of these iitter- programs conducted by EPA and DOE organizstlons 

laboratory collaborative programs are published by the sponsoring agency. 
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XN4LYTIC 4L RESC‘LTS 
$ 

The resdts of analyses for p!dtoni~rrl i n  t’7e 7 1  so!l s m p l s  c,oUecW in 
SeotErnbzr, 1978 on lands adjacent to tne Rocky Flats Plant are presented in Tables 
I ard Ii and are shown at the actual sample sites on Figures 2 and 3. Slrrninaxrs of 
t k  sgti data are given in Tables If1 a d  IV. It should be noted that Figures 2 and 3 rr 

r also include dab obtained for the Rocky Flat- land Iitigat~on. C o ~ c e n t r l t ~ o n s  Q I .  

‘-1 Fipre 2 gives the plutonium 239 and 240 concentrations in units Df 
disintegrattcns per minute per gram o f  sor! (size fraction less thsrl 10 mesh). 
Figure 3 gives the same data converted to units of rnillicurios per squan”e kilometer 

by grain weignt of fines KlO 
cnits also required afi 

Table I presents all the analytical data as reported, including al l  replicate 
xalyses. The data are segregated into the various land parcels, 1 e., sections 4, 6, 
7 ,  19 and 24. In column 3 of Tables I and 11, an assigned value is given for each 
sample site. Tms value was determined by t&mg the average of aU the reported 
analyses for each sample. $he plutonidm concentrations in units of mlLIicuries pel 
square Uorneter (m Ci/km ) are gwen in colunn 4 of Tables I and II. 

Table II presents the same data as Table I, except they are listed by 
lando mer. 

Tables E1 and TV present hstings of the data arranged by land sections 
Included m the tables are number of sites per section, the two highest vahes, the 
trvo lowest values and the median for each section or portion of a section. 
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C 0 NTR 0 L 

SsTples ar:~vcd at ezch laboratory in g r o u p  of approri'xntely tiventy ;vhlcn 
consticdted n batch to be processed as a unit The 2rinary laborstwy receidzd fir!; 
batcnes and tne quality control laboratories one apiece. Each batch conslsted of 
field samples, replicate field SP nples, blsn!a consensus stsndards, and syntretic 
standards. All samplzs were ifidstingushable but for ineir nuneri:! ,ode  known 
only by the e5crow agent. Each batch contain& six qualtty coqtrol saiil~~es,  two 
each randomly selected from blanks, synthetic standards, and consensus stx~!ards 
The enalyticdl results for tmse are given in Taale V. Mare thm six srlcn s3r;\p!?s 
appear III Eberline batches due to subsequent reruns of field samples n%cesss!tatcd 
primarly by low tracer recweries. These quahty control efforts were ia!oml 
after the qwhty control program used in the aforerrentioned hrigation. 

The quality control sample results of Taole V demonstrate agreement vithin 
and between the primary and control laboratories The relative few diserepaicizs 
do not warrant tne cost of resolution. The results for t k  two synthetic stmdards 
compare with their fabricated values of 4 2 and 12 2. The resdts from the three 
consensus standards compare w i t h  tne results 1.2, 5.2, and 0.5 whic5 were 
estabhshed with extznsive analyses in the sis tzr litigation program. 

Alt analyses of field samples including repltcates are given in Table, I. These 
results also demonstrate agreement rvithln and between the primary snd control 
laboratories. Moreover, these results are consistent with the results for adjacent 
land parcels studied m the sister litigation program. These combined results are 
depicted in Figures 2 and 3. Due to t h e  complexities of sampling and malytical 
procedures, any smg'ie result may not be entirely indicative of actual plutonium 
deposition. A good estimate which does indeed characterize a land parcel IS 
obtained by assessing numerous adjacent sites Such values are the medisns 
presented in Tables LII EC IV. 
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Tne analyi,cal rt?suits fsr sar?p!?s of soil ;'~9n lands ! \est LIS sout,i oi ine 
Rocky Flats Plant indicate low coQceitration3 of pluto7,uln L? Section -! t>e  rinse 
s f rom20 11 to 0 19 d/m/g (1-3 mCi/km ) ,vith a ~necllarl of 0.13 d / d g  (2 
nCi/Rm ) The sail in S p o n  9 contains p:ulroniuin in the rarge b2tpeen 0 03 2nd 
0.22 d/m/g (1-2 mCi/km ) and the medim !s 0 12 d/m/g (2 r?Ci/ua ) L Se:tizms 
2 1  and 22 tne pldtonium varies Jrom 0 0 5  io 0 61 d/n/g (1-: inCi/kni 1, with 8 

~12di9 .n of 0 15 d/m/g (2 mCi/km 1. Section 23 irFludes ~311s containing p l ~ t o n i u n  
i n  the r y g e  from 0 03 to 0.28 d/m/g (1-5 mCi/km") and tne median 13 0.10 d/nis (2 
mCi/krn ). Section 24 yewed as :vholt shows phtor!Qrn levels bO+ween 0.02 and 
0 3 3  d/m/g (0-5 mCi/km with a radian of 0 94 d /n/g  (L inCi/h-m 1. This s e c t i ~ t  
W ~ S  also subdivided into two parcels, the nwtheast quarts  section ar,d tis 
remainder of tne section. The plutonium val*qs  for the quarter section fall in  t i e  
range f r fm 0.02 to 0.11 d/m/g (0-3 mCi/km-), with a median of  0.04 d/m/g (I 
mCi/km ) The remainder of the section sho.vs levels f r9m 0 02 to 0 39 d/m/g (0-6 
mCi/krn ) snd the median value is 0.37 d/m/g (2 rnCi/l<md) It should bo recognized 
from Table IV that the values in millicuries per square kilorsletsr were r 1 nded to 
the nearest whole number 

2 

2' 

2 

?e Values less than 0 5 are indicated as r) rnCi/'m 

In summary, tnere are no plutonium concentrstions in soil from Sections 4, 
9, 21, 22, 23 and 24 greater than the Colorado Guideline of 2 d/m/g. Likense, the 
mzlytical results show that there are 99 levels m these sections greater than the 
EPA Proposed Guideline of 200 mCi/km . 

Samples of soil from Sytion 19 contain plutonium m the range betw en 0 14 
and 2.0 d/m/g (2-35 mCi/km ) with 8 median of 0.7 d/m/g (10 mCi/km ). One 
sample with a concenirstion of 2.0 d/m/g G thus equal to the State Guideline but 
does not exceed it or the EPA Guideline. 

2 

Section 7 was sampled at 232~ites. The results show plutonium levels f r y  
0.28 to 7.6 d/m/g (6-118 mCi/km with a median of 1 4  d/rn/g (29 mCi/km') 
Considering t$ south half of tne section, the range of  values is 0.3g2to 2.5 d/m/g 
(9-60 mCi/km ) with the median value at 1.4 d/m/g (29 mCi/km ). There IS 
therefore one s a y l e  in thls  half section with a plutonium concentrstion of 2 5 
d/m/g (60 mCi/km ) w h c h  exceeds tne Colorado Guideline but not that of the EPA 
Since the median characterizes the parcel more completely than 8i1 mdividual 
sample, it IS proposed that the half s e p n  should be evaluated on the basis of the 
median value of 1.4 d/m/g (29 mCi/km 

The north half of Sectyn 7 shows plutonium concentrations betwyn 0 28 
and 7 6 d/m/g (6-118 mCi/kn ) with r Tzdivl o f  1 4  d/rn/g (23 TCIA-II ) ", to  
samples produced results greater than the Colorado Guideline, but less than the 
EPA Proposed Gupance. The same argument for considering the median of 1 4  
d/m/g (29 mCi/km ) should be applicable in thls lend parcel. 

Sod samples were collected at 20 locations in Section 6 The results as 
s u m m ~ i z e d  in Table IV, shoy  p l u t o ? i ~ m  ccncmtr3tvs In th2 rang2 ??tween 0 05 
and 3.2 d/m/g (1-79 mCi/km ) with a median of 0.11 d/m/g (2 rrCi/km ). Tne north 
hcllf section had 15 sarnples ,and tne p!utoniJ"I Cmcen;;ltlarls fzU IQ t X  r inge i r o m  

-10- 



2 2 0 0 5  and 0 '34 cYrn/s (1-6 nCi/km v i t h  i, r7zdi.n of 0 11 d/m/g (2 mCi/ini 1 
TIICSP va&s are b&o v boCii-'the ColxsCo Cuide!lne and t re  F A  GuIdi:ce Tni 
south half sectim pwduced phionium concentrat,ons in til2 xnge m m  3 O ?  t3 3 2 
d/.n'g (1-79 iqCi/LmL) and tne med~i- i  IS 1 1  d/T/g (24 mSi/'-m O w  ssnp!z 
contstfied a level o f  pl?itoilium greator tna? tne Colot Ido Guideline but le= tn,ir, 
the EPA Gulaelme The median baluz which characterizes t'le 'ialf sectim 1s cnlJ7 
1 4 d/rn/g mct IS l e s  taan the gtiidellne 

i 

Tne d a h  on plutonim concentrations in soil and air sainpks collxted fco-i 
lw<s involved in litigation h s  ,e bem ecraluaCed by the Inhslstion Toucob,gj 
Resedrzn LTstitute in Albuquerque, New 'Jevizo A report a k t l e d  "DeLCendan t 3 

An3lySiS Of Health Elsks" has been sdbrnitied a> an exhioit to U S. DisLu'ict C O G ~  L? 
Derlver, Colorado. The conclusion of tnis rzpoit E as follows. 

Potential rauiation doses to peop!e hading unrestrictad use of lsnds 
near tne Rocky Flats boundary line have been estimated usipg 
different exposure models uld difr'ereqt sets of environmental 
measurements. All of the approaches described above yielded sirnllir 
results in estimating the radation doses and in projecting the 
probabilities for human health injury. Tns most importaiit ris-cs io 
people from exposures to plutoniux and americium are potentis: 
increases m their incidences of lung, bone and liver related cancers 
The probabdities for deaths due to cmcers ranged betlveen 1 and 3 
psr hundred m111:on persons per yew. This level of risk was shown to 
be small in cornparson to the rsks from exposures to natuially- 
occurring radionuchdes and other p a  tural background radiations 

- ; I -  
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TABLE I 

RESULTS O F  TESTING FOR 

PLUTON! U?I CO NC ENTRATIO N 

IN NEIGHBORING LANDOWNERS' SOIL 

LISTED BY SECTION NUMBER 

* 

*x 

Designates LASL Results (in d/m/g 2 d/m/g  error) 

Desigpates LFE Results (in d/m/g 2 5% error) 

All Others are Eberhne Results (in d/m/g - A d/m/g error) 
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211 1 

202 

233 

204 

205 

236 

SECTION 6 

207 

208 

209 

210 

0.03 + - G 03, 

0 13 + G 01 

0 13 - + 0 02 

0.17 + 0 02 

0 17 + 0 03 

- 
- 

0.14 - + 0 02 

0.15 - + 0.01 

0 21 + 0.02 

*O 162 + 0 02 

- 

- 
*'0.11 - + 37 

0.10 + 0 01 

0 . 1 2  + 0.02  

- 
- 

*0.102 - + 0 01 

**0.12 + 8 - 
0.19 + 0 01 - 

0.20 + 0.02 - 
0.30 - + 0.02 

0.11 + 0.01 

0.16 - + 0.01 

0.10 - + 0 01 

0.09 + 0.01 - 
*o  091 - f 0 c1 

**o 10 + 9 - 

0 11 1 18 

0 13 

0.17 

2 28 

2 55 

0 16 2 24 

0 11 

0.19 

0.25 

0 1 1  

0.16 

0.10 

2 01 

2 54 

4.58 

2.21 

2.75 

2.08 
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2 1 1  

212 

3 12 - 0 02 - 0 12 

n 11 

2 :d 

1 97 

0 15 + 0 02 - 
213 

d L  ?ll - 
21 5 

216 

0.18 A 0 92 - 0.18 

0 .23  

0 07 

0 34 

3 54 

0 .23  - + 0.02 

0.07 - + 0 01 1.55 

5 89 0.05 - + 0 04 

0 . 1 2  - + 0.01 

0.11 + 0.02 - 
*I 33 - 0 07 - 
**0.10 + 9 - 

217 0.35 - + 0.07 0 28 4 .45  

0 .25  - + 0.02  

"0.308 - + 0 .02  

**0.220 - + 6 

218 

21 9 

0.06 - + 0.01 0 05 

0.06 

1.05 

1 31 

0.04 + 0.01 - 
0.02  - + 0.01 

0.10 - + 0.01 

220 0.08 - + 0.02 0.02 

0.09 

1.76 

0.09 + 0.01 - 221 1 71 

SECTION 7 

0.48  + 0.04 

0 61 + 0 06 

- 222 

223 - 

0 4 8  

0 69 

9.54 

12 85 

0 76 + - 0.03 
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226 

227 

22s 

229 

230 

231 

232 

233 

0 61 + 0 07 

0.55 - + 0.02 

- 
* 

1 54 - + 0.14 

1.77 - + 0.9s 

1 89 - + 0.06 

*1.71 - - 0.07 

**1.44 - + 5 

0.80 - + 0.04 

0.28  + - 0.02 

1 72 - + 0.08 

1.16 - + 0 06 

1 34 - + 0 .08  

1.58 + - 0.20 

1.29 - + 0.05 

*1.53 - + 0.04 

**1.93 - + 5 

10.7 + - 0.5 

4.4 - + 0.2 

1 67 + - 0.06 

1.86 - + 0.10 

2.16 - + 0.12 

*3.13 + 0.11 - 
**2.67 + 5 - 

234 1 66 - + 0.09 

235 1.31 - + 0.10 

SECTION 19 

236 0 .02  - + 0.01  

0 so 

1 67 

0 80 

0 28 

1 7 2  

1 16 

1 53 

7.56 

1.67 

2.46 

1.66 

1.31 

0 02 

11 48 

33 06 

17 45 

5 96 

29  22 

25 .80  

32 .92  

118 12 

34 .51  

44.28 

32 .59  

25.13 

0 .42  



237 0 10 - 0.02 - 
4 0.03 - A 0.01 

0 04 0 92 

0 04 - + 0 0 1  

*0.015 0.004 - 

**O 034 + 13 - 
0 04 - + 0 02 238 0 04 0 77 

0 04 + 0.01 - 
239 

240 

0 04 - + 0 0 1  0 04 

0 03  

0 92 

0.73 0 01 - + 0 01 

0 05 - + 0 01 

241 0.07 - + 0.02 0 13 2 4 2  

0.18 - + 0 01 

242 0 05 - + 0.02 0.03  0 53 

0.01 - * 0.01 

0.03 + 0.01 - 
0.02 - + 0 01 

*0.029 + 0.007 - 
**0,029 + 18 - 

0.08 

0 03 

0.37 

2.06 

0.75 

5.41 

213 

244 

245 

0 08 + - 0.01 

0.03 - + 0.01 

0.40 - + 0.05 

0.33 - + 0 .02  

246 0.08 + - 0.02 

0 07 + - 0.01 

0.08 1.63 

0.14 - + 0.01 247 0 14 2.84 



I 248 0 05 + 0 . 0 3  0 05 I 00 - 
0 03 + 0.01 & 

- 
0 os A 0 0 1  - 

'0 047 - + 0 007 

**O 056 + 13 - 
0 05 + 0.01 - 249 0 96 1 40 

0.06 + 0.91 - 
0 04 + 0 01 

0.42 - + 0.04 

- 250 

25 1 

0.04 

0.43 

0 91 

5 51 

0.44 - + 0 0 3  

0 45 + 0 06 - 252 0.60 10 49 

0.74 - + 0.07 

253 0.63 - 0.04 12.19 ' 0.63 

SECTION 24 

0.09 

0.03 

2.03 

0 74  

254 0.06 + 0.02 

0.11 - + 0.01 

255 0 .03  - + 0.01 

0.05 - + 0.01 

0 .03  + 0.01 - 
*0.033 - + 0,007 

, **0.026 - + 17 

256 0.02 - + 0.01 0 .02  

0.04 

0.02 

0.59 

0 .90  

0.46 

257 0.04 - + 0.01 

258 0.03 - + 0.01 

4 0  01 

25 9 0 03 - + 0.01 0 03 G $7 

-6- 



0 03  + 0 01 

0 03 - 0 01 

- 
d 

0 03 

0 $3  

0 I1 

0 59 

0 $1 

2 i 4  252 0.10 f 0 02  - 
0.11 - + 0.Oi 

252 

2G4 

0 05 + - 0.01 0 05 

0 06 

1 1s 
1.46 0.07 - + 0.01 

0 04 + 0 01  - 

255 0.06  - + 0.02 0 os 2.41 

0 . 0 8  - A 0 .01  

0.11 - f 0.01 
*0.078 + - 0.007 

0.12 - + 0 .02  0.12 

0.17 

266 

257 

2.71 

0.16 - + 0.02 4.22 

0.17 - + 0.02 

0.10 + 0.04 - 0 09 1 89 258 

0.12 - + 0.02 

0.07 - + 0.01 

0.10 - + 0.01 

*0.082 + 0.01 - 
**0.09 + 10 - 

0.09 

0.39 

1.73 

6.12 

269 

270 

0.09 + - 0.01 
0.43 + 0.06 - 
0.34 - + 0.03 

27 1 0.07 - + 0.02 0.08 1.96 

0 .08  + 0.01  - 

-7 - 



4 TXBLE I! 

RESULTS OF TESTING FOR 

PLUTO NIU SI C 0 N C E NT R AT10 EJ 

I N  NEIGHBORING LA& DOWNERS' SOIL 

LIST ED BY LANDOTVNER 

% 

** 
Designates LASL Results (in d/n/g I d/m/s  error) 

Designates LFE Results (In d/m/g L 5% error) 

All Others Are Eberline Results (in d/rn/g 2 d/m/g error) 

-1- 



Pu-233 
AriL!! .'S 

iCFFCO AIR ?ARK ASSOCIATLS, S Z C T I 3 S  G 

207 

208 

212 

213 

217 

21 8 

0 20 -r 0 02 

0.30 -r 0 02 

0 i l  7 0.01 

0 06  A 0 02 

- 

- 

- 

- 
0.1s - - 3 02 

0.13 + 0.02  

0.35 - 0 07 

0.25 - + 0 02 

0.25 - + 0.02 

*0.308 - + 0.02  

- 

'*0.220 - 6 

0.06 - + 0.01 

0.04 - + 0.01 

MARGARET I .  SANDERS, EXECUTRIX, SECTION 6 

209 0.16 - + 0.01 

214 0.23 - + 0.02 

21 9 0.02 - -!- 0.01 

0.10 - + 0.01 

J O X X  H .  SHUTTLEFVORTE, J R . ,  SECTiON 6 

210 0.10 - + 0.01 

0.09 + - 0.01 

Site V?JUCj 
2 - d/m,'- m c 1 /I, r;l 

0.25 4 53 

0 11 2.21 

0 11 1.97 

0 18 3.54 

0 28 4.45 

0.05 

0.16 

0.23 

0.06 

0.10 

1.05 

2.76 

3.46 

1.31 

2.08 

*0.231 - -r 0 0 1  



I 211 
I 

215 

216 

0 1 2  0 02 

0 07 r 0 01 

0 05 c.31 

0.12  + 0 01 

0 11 + 0 .02  

- 

- 

- 

- 

- 
*1 33 T 0.07 - 

**a 1 0  + 9 - 

STEPHEN P d( CHERYL A. KAATZ, SECTION 6 

0 os + 0 02 220 

221 0 .09  T 0 01 

- 

- 

CITY OF BROOPdFIELD, SECTION 7 

222 0 48 f 0.04 

223 0.61 + 0.06 

- 

- 

224 

225 

226 

227 

228 

229 

0.76 + 0.03  

0.64 f 0 07 

0.55  + 0 03  

1.54 + 0.14 

- 
- 
- 

- 

1 89 + 0.06 

*1.72 + 0 07 

- 
- 

**1.44 + 5 - 
0 .80  + 0.04 - 
o 2a + 0.02 - 
1 72  + 0 .08  - 
1 16 - + 0 .00  

0 12 

0 07 

0 34 

0 02 

0 09 

0.48 

0 69 

0.60 

1.67 

2 44 

1 55 

5.89 

1 76 

1.71 

9.34 

12.85 

II 45 

33.06 

0 80 17.45 

9 28 5 96 

1 .72  29 22 

1.16 25.80 
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2 ;9 1 34 - 2 OJ 1 53 32 91 

I 58 - 0 20 - 

1 0 7 + 0 5  - 7.56 118 12 

4.4 + 0 2 - 
23 2 1.67 + 0 05 - 1 67 

2 46 

34 .51  

44.28 
I 

233 1.86  + 0 10  - 
2.16  + 0 12  

* 3  13 A 0 11 

- 
- 

y x 2  67 + 5 - 
1.66  + 0 09 

1 .31  + 0 .10  

- 
- 

234 32.59 

25 .13  

1-66 

1 .31  235 

AUBREY E. & CORA E. LADWIG, SECTION 19 
- 

239 

240 

0.04 - + 0.01  

0 .01  - + 0.01 

0.04 

0.03 

0 . 9 2  

0.73 

0.05 + 0 01 

0 -07  - + 0.02  

- 
241 0 .13  2 .42  

0 18 + 0 01 

0.40 + 0 .05  

- 
- 245 0.37 5 .41  

0 .33  + 0 .02  

0.08 - + 0.02  

0.07  + 0 01 

0 .14  - + 0.01 

- 

- 
246 

247 

0.08 1.63 

0.14 

0.43 

2 84 

5.54 0.42 7- 0 04 - 

-4- 



2 5 2  

253  

0 45 - 0 06 

0 63 A. 0 04 - 

TV?IN IJAKES JOINT VENTURE, SECTION 13 

233 0 04 - 0.02 
0 04 IO 01 

- 

243 

242 

235 

237 

244 

0 08 0 01 - 
0 05  0.02 - 

0 60 10 49  

0.63 12.19 

0.04 0.77 

0 08 2-05 

0.03 0 53 

0.01 + 0.01 - 
0 03 0 .01  - 
0.02 + 0.01 

-0.029 + 0.007 

- 

- 
**0.029 + 18 - 

0 .02  + 0.01 

0.10 0.02 

- 
- 

0.03 + 0.01 - 
0.04 + 0.01 

*0.016 + 0.004 

- 
- 

**0.034 + 13 - 
0.03  + 0.01 - 

ALKIRE INVESTMENT COMPANY, SECTION 19 

248 0.05 + 0.03 - 
0.02 A 0.01 - 
0 06 + 0.01 - 

*0.047 - + 0.007 

c 

- 3  - 

0.02 

0.04 

0.42 

0 82  

0.03  

0.05 

0 75 

1.00 



2 39 0 '35 + - 0 rJ1 0 OG 1 40 
1 

250 0 3 1  - - 0 0 1  0.04 0.91 

XILLIAM 3 .  FORTUNE CC JOHK A FORTUSE, TRUSTEE, SECTiOlV 24 

251 

235 

256 

257 

0 G'i  - f 0 02 

0.11 - + 0.01 

0 93 - -L 0.01 

0.05 - + 0 01 

0 03 A. 3 01 - 
*O 933 - A 0 007 

0.02 - + 0.01 

0.04 - + 0.01 

0.03 - + 0.01 

40.01 

26 3 

26 4 

0.05 - + 0.01 

0.07 - + 0.01 

0.04 - + 0.01 

GLENN YOUNG & COMPANY, SECTION 24 

259 

260 

0.03 - + 0.01 

0.03 + - 0.01 
26 1 0.03 - + 0.01 

26 2 0.10 - + 0.02 

0 09 2 03 

0 0: 0.74 

0.02 0.59 

0.04 0.90 

0.02 0.46 

0.05 1.18 

0.06 1.46 

0 0 3  

0.03 

0.03 

0.11 

0.87 

0.59 

0.71 

2.71 

0.11 - + 0.01 
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265 

d 

26 6 

257 

268 

269 

270 

271 

0 05 0 02 - 

o 133 + o 01 - 
0 11 0 01 

’0 078 + 0 007 

- 

- 
‘*O-OS + 10 - 
0 12 + 0 02 

0 16 A 0.02 

0 17 + 0 02 

0.10 + 0.04 

0 12 + 0.02 

0 07 + 0 01 

0 10 + 0.01 

*0.082 + 0.01 

- 

- 

- 
- 

- 

- 

- 
- 

**0.09 + 10 - 
0.09 + 0.01 

0.43  + 0.06 

0 34 + 0.03 

0.07 + 0.02 

0.08 + 0.01 

- 
- 

- 

- 
- 

0 03 2 - 4 1  

0 12 2 72 

0 17 4 22 

0.09 1 89 

0.09 

0.39 

0.08 

EDWARD 3. & MARGARET MARY HOGAN, SECTION 4 

20 1 0.08 + 0.02 0 11 - 
0.13 + 0.01 

0.13 + 0.02 0.13 

0.17 + 0.02 0.17 

0.17 + 0 . 0 3  

- 

- 202 

203 - 

- 
204 0 11 - + 0 of! ‘J 16 

I -7- 

1.73 

6.12 

1 96 

1.18 

2.28 

2 55 

2 34 



\1 

Plu 

Loca tlorl No ofS1tes Hign Values 

3.2, 1.8 
0.34, 0.28 
3 2, 1.3 

Low V Z ~ J O S  Median 

0 05, 0.06 0.11 
0.05, 0.06 0 11 
0 07, 0.09 1.1 

0.28, 0.39 1 4 

0.39, 0.87 1.4 

0 11, 0.18 0 .7  

0 .02 ,  0 .03 0.07 

0.02,  0 . 0 2 ,  0 .04 

0.28,  0.48 1 4 

0.02,  0 .02 0.04 
0 - 0 2 ,  0.02 0.07 

0.03, 0.03 0.10 

0.05, 0.07 0.15 

0.05, 0.07 0.12 

0.11, 0.11 0.18 

0.02, 0.05 0.05 

Section 6 
North half 
South half 

20 
15 
5 

Swtion 7 
North half 
South half 

23 
14 
9 

7 . 5 ,  2.5 
7 . 6 ,  2 . 5  
2 . 5 ,  1 9 

Section 18 14 5.0, 1 3 

Section 19 18 0.53, 0.60 

Section 24 
Northeast 
Quarter 
Rem a n d  er 

Section 23 

36 0 .39 ,  0-17 

18 
18 

0.11, 0.09 
0.39, 0.17 

21 0 . 2 8 ,  0.18 

Section 21 and 22 14 0.61, 0 . 2 4  

Section 9 8 0 . 2 2 ,  0 .18 

Section 4 0 . 1 1 ,  0.17 6 

Background 5 0.07, 0.06 



TABLE IV 
3 

Location No. of Sites Hirfh Values Low value5 hledian 

Section 6 20 i9, 38 
Nor i h half 15 6,  5 
SOUL! half 5 79, 313 

2 
2 
24 

Section '7 23 
North half 3.4 
South half 9 

118, 60 
118, 44 

60 ,  40 

6 ,  9 
6 ,  10 
9, 12 

23 
25 
29 

Section 18 14 38, 27 2 ,  3 10 

Section 19 18 1 2 ,  10 2 

Section 24 36 
Northeast 
Quarter 18 
Remainder 18 

1 

3 ,  2 
6,  4 

1 
1 

Section 23 21 6, 3 2 

Section 21 and 22 14 6, 4 2 

Section 9 8 2 ,  2 2 

Section 4 6 3 ,  3 2 

Background 5 2 ,  2 2 



TABLE V 
3 

QUALITY CONTROL RESULTS PLUTO>liU\i 233 lit d imlg  

1 2 

Blanks 0.05 0 03 

0 05 0 05 

0.05 0 .04  

0.03 0 .03  

Synthetic 4 23 
Standard 3.72 

Synthetic 12.1 9 - 0 9  
Standard 12.0 11 .0  

12.15 
12 .o 

Consensus 2 . 64 
Standard 1.56 

Consensus 8.35 4 .94  
Standard 5.36 3.92 

Consensus 0.59 
Standard 0.54 

Eber line LASL 
3 

0 06 

0 03 

0 02 

0.01 

4.29 
4.27 

11.5 

5.24 
9.59 

0.89 
0.45 

4 5 

0.03 0 02 0.024 

0 06 0.03 0.018 

0 01 

4 .34  3 .88  
3.71 4.20 

12.3 
12.14 

1.12 1.17 
2.46 1.34 

6.21 
6.13 

0.39 
0.50 

7.44  

1 0 . 9  

0.135 

GFE 

0.022 

0.037 

3.70 

10.5 

, 

23.4 

0.497 0.48 



This Disclosure  as made t o  t h e  City of Sroomfreld ("City') 

pursgant t o  paragraph 3.d of the Settlement Agrement entered i n t c  OF. 

Deccrebcr 14, 1984,  and agproved by t h e  United States mstrict  CoLrt 

for t h e  District o f  Colorado on December 17# 1 9 8 4 ,  in C i v r l  Actior 

Nos. 75-W-1162 and 75-M-1296. The City is a third-party benefxrclq 

t o  t h e  Set t lement  Agreement. This Disclosure also satrsfres t h e  

requirements of paragraph 1 . d  o f  t h e  proposed Agreement h t w c o r ,  the 

C i t y ,  t h e  D e p a r t m e n t  o f  Energy  ("Department")  and 8ockwel: 

I n t e r n a t i o n a l  Corporation ( "Rockwel l ' )  . 
I 

The purpose of t h i s  Diacloaure i s  t o  set f o r t h  Eaterra l  

facts necessary to  f u l l y  utform the City about the amounts o f  tCQ;LO- 

a c t i v e  materials (spcifically plutonium and amarictum) released f r c r  

the Rocky F l a b  Plant ('Plant.) and pca#nt on t h e  land to  t+ trars- 

fetted to tba City ae Qocring OQ the Settlenent Agrement .  The lane 

t o  be transferred to  t h e  City at  closing of the Settlenent Agrearrent 

l i e  immadlrtaly east of the Plant and consist of two parcels referrec 

to  herein a8 (1) tho Great Western Venture prcal  w h i c h  Ires i m a -  

ately north of tha C i t y ' s  r e r e m o i r  propetty and (2)  t h e  northern 

For t ion  of the Ackatd-Butler p r o p r t y  which Ira8 mnediately sou*. of  

t h e  C i t y ' s  r e s e r v o i r  property .  



The Disclosure addresses federal and state plutonium-;r- 

soil guidance and s t a n d a r d s ;  a n a l y s e s  o f  s o i l s  on t h e  l a n 2 s  t o  ice 

transferred t o  t h 8  C i t y ;  the h e a l t h  risks associated w i t h  the pres- 

ence  of plutonium and americium on those l a n d s :  and epidemiologic  

studies  r e l a t i n g  t o  releases o f  plutonium and americzun fron the 

Plant .  Also i n c l u d e d  i n  this d i s c l o s u r e  is a bibliography of  puhlr- 

c a t i o n s  and documents that  aadress these matters in more eetailed and 

t e c h n i c a l  terns. 

I t  is required under t h e  terns  of the S e t t l a n t n t  Agrement 

t h a t  t h e  lands t o  be  t r a n s f e r r e d  t o  the C i t y  shall be used f o r  OPE 

space or reservoir expansion purposes only. For this reason, it 

e x p e c t e d  that few p e r s o n s  would occupy these lands for any saqnrff- 

cant p e r i o d  of time. Thus,  while t h i s  d i s c l o s u r e  addresses tue 

h e a l t h  risks r e s u l t i n g  from t h e  p r e s e n c e  of p l u t o n f m  and dRerlcia  

t o  “ p u t a t i v e ”  p o p u l a t i o n s  occupying s u c h  land, it is not sLgqe,cted 

t h a t  c o n c e r n s  over exposures  o f  large populations t o  these niatetrcls 

s h o u l d  b e  t h e  focw of t h e  C i t y ’ s  d e l i b e r a t i o n s  on t1:rs p a t t e r .  

Pather ,  t h e  ascurion harein on risks t o  large populations should b e  

viewed as  a s t a t e m e n t  t h a t  when t h e  rnaxi1p~~1 effects t h a t  a n  be it?C- 

sonably p 0 S t ~ h t . d  a8 a reault of the ptcsancr, o f  these materials i n  

the measured quantftles are considered, the effects are so s m a l l  that 

they cannot b8 s c i a n t i f i c a l l y  neaaured. It fo l lows that  i n  the con- 

teart o f  tha we t o  which the City will pt theso lam%, the risks t o  

t h e  small number of p e r s o n s  who may occupy t h e  l a n d s  for short 

p e r i o d s  of  time ace so small t h a t  they c a n  be disregarded. 
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Expansion o f  t h e  r e s e r v o i r  u s i n q  sone o f  the t r a n s f e r r e c  

land8  l i k e w i s e  should "not be viewed as a basis f o r  increases an ract- 

a t i o n  exposures t o  wers o f  the C i t y ' s  water supply hacause sucrr 

e x p s u r e s  have already been shown to b e  ins ignrf icantr  and expansion 

of the r e s e r v o i r  can only rcduce exposures. It i s  most imprtant t o  

consider t h e  fact  that w i t h  resgect to  exposures of p r s o n s  t o  emr- 

romental plutonium and americium from the Plant through any pathway 

(whether  d i r e c t l y  from s o i l s  or through t h e  water systems), these 

e.xposures are only  a small f r a c t i o n  of the exposures result1r.g frcrz 

m t u r a l l y  occurr ing  radionuc l ides  such as radium and i t s  dauqhter 

products. Bibl iography NO. 1. 

I. So-e and St- 

Currently applicable federal rcgulaticns f o r  o f f - s i t e  con- 

c e n t r a t i o n s  of  materials s u c h  as plutonium are fomd i n  tke Cole o f  

federal Rcgulatlons at  10 C.F.R. Part  20. A61werr these regulatrcns 

specify r a d i a t i o n  dose l i m i t s  and air concentration llmtts that CZR 

be related t o  soil  concentrations only mdirealy. The Unated Stxtes 

Environmental Protection Agency ('CPA=) has propsed guidance on ?ose 

l i m i t a t i o n s  for persons exposed t o  transuranium eh!!mnts0 rncludrr .q  

plutonium and americium, i n  the qneral e n v i r o ~ n t .  The EPA's pto- 

posed guidance does not ssecify limits on s o i l  concentra t i cns  o f  

these e l l v n t s ,  but doe8 e8tablish "screening levelsm for these mate- 

rials i n  soils. 

The State of Colorado has adopted a 'plutonrun-rn-soil" 

standard t h a t  limits conantra t ions  of t h i s  material i n  s o i l s  and 
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requires that ,  a t  l e v e l s  beyond t h e  l i m i t ,  spec&al grocedures oe 

employed if c o n r t r u c r i o n  a c t i v i t i e s  are undertaken. The Colorado 

s t a n d a r d  waa promulgated under t h e  a u t h o r i t y  o f  the Colorado State 

E e a l t h  Department, which, under Colorado law, has exclusive authority 

t o  deal w i t h  matters of radiation protection and to  advise local ~ v -  

ernmental e n t i t i e s  w i t h  regard t o  s u c h  matters. 

A .  U G u i d a n c c .  

Recommendations on l i m i t i n g  dose rates t o  Fersons i r .  the 

general population erpsed t o  transuranrum elenents were 6eveloGed by 

t h e  Environmental P r o t e c t i o n  Agency (EPA) under a u t n o t i t y  or' the 

f omer Federal R a d i a t i o n  C O M C I L  which was establuhed by Executrve 

Order 10833 and P u b l i c  Law 86-373 (42  U.S.C. ZOZl(h118 and t r a n s -  

ferred t o  t h 8  Environmental  Protect ion Agency by Paorgariizatfon Plan 

No. 3 o f  1970. These require t h a t  t h e  A d m i n i s t r a t o r  of tne 

E n v i r o n m e n t a l  P r o t e c t i o n  Agency .. . . advise t h e  F t e s i d e n t  wstr: 

respect  t o  r a d i a t i o n  matters, d i r e c t l y  o r  i cd i rec t ly  affectzrcj 

h e a l t h ,  i n c l u d i n g  guidance f o r  all Federal agencies in the fomule- 

t i o n  o f  r a d i a t i o n  stendar-8 and i n  t h e  establishment and e*xecution 

o f  programs of c o o p e r a t i o n  with Statea.. There recamnendations and 

p r o p o s e d  guidancm were p u b l i s h e d  i n  the  on 

November 30, 1977, and tdvfsed i n  accordance w i t h  comrients rcceivea 

i n  rerpoar~ t o  the n o t i c e .  The EPA haa not y e t  fomally prcxiulqated 

tha propom3 guidance. 

T h e  t e x t  of t h e  Proposed Guidance ( B i b l i o g r a p h y  Pi00 2)  

s t a t e s  t h a t  i n  o r d e r  t o  assure t h e  p r o t e c t i o n  of person8 i n  the 



general population by lamating the radiation doses that an indivrcual 

i n  a c r i t i c a l  segment o f  t h e  population may receive from concantr* 

t i o n s  of transuranium elements present above average background 

leve ls  i n  the general environment, the f o l l o w i n g  recommendations 

s h a l l  apply for the guidance of Federal Agencies: 

1. The annual alpha radiation dose rate t o  menters 

of the c r i t i ca l  segment o f  the exposad population as the result 

o f  exposure t o  transuranrum elements an the qeneral envrrorxert 

should n o t  exceed either: 

a. 1 millrrad per year t o  the pulnanary lung, 

Or 

b. 3 rrillirad per year t o  the bone. 

These dose rates are based upon further projections which evaluate 

the probability that the exposed papulation w i l l  d w e l o ~  such healtk 

effects as a c e t  and genetic dcfects. A t  or te la ,  these close rates, 

the EPA concluded t h a t  the risks o f  such effects i n  exposei porulz- 

t i o n  would be no greater than  one i n  one m i l l i o n  per person per 

year. 

Appended t o  the Proposed Guidance i n  Annex V a r e  the 

pethods by which the Proposed Guidance may be implemented. S O L  

screening i s  one method. Inherent i n  L t s  application i s  the  asaun~- 

t i o n  t h a t  r o i l  contamination by transuranium elanants w i l l  calrse 

radiation exposure through pathways such a8 inhalation of resuspended 

s o i l ,  ingestion o f  food grown on t h e  land, and ingestion of drinknq 

water contaminated bv soil runoff.  The s o i l  screenina l e v e l s  a r e  



I. 

based upon mathematical rndtls which pto]act the relationship ktween 

soil contaminat ions  Bf transuranium elements and human e-osures. 

The s c t e e n i n g  level  is t h e  t o t a l  transuranrum Clment concentration 

In the t o p  1 a n  of soil. Levels of COntdMtfOn kclaw aoll screen- 

i n g  levels  are considered unlikely to lead t o  dose rates i n  excess of 

those  rccomnendcd by the Proposed Guidance. Thus, landa w i t h  c o n t m  

i n a t i o n  l e v e l s  l e s s  than  the s o i l  s c r e e n i n g  level  o f  200  rCi/krz 

(p i l l i cut ies  per square krlometet) ate considered suitable for noma  

human a c t i v z t f e s ,  i n c l u d i n g  r e s i d e n t i a l  and agricultural use. I'cno 

of the lands t o  be transferred t o  the City has contammation Levels 

approaching t h e  s c r e e n i n g  level .  

The &PA has assessed the presence o f  plutonium and aneri- 

c i u m  on l a n d s  a d j a c e n t  t o  the P l a n t .  Bibliography No. 3 .  Ttis 

assessment was c o n d u c t e d  by the EPA a t  the r e q u e s t  o f  vciicus 

Colorado officials during the promulgation of  the Propsed G u i d a n c e  

specif ical ly t o  address the question of whether there are orgnrticar.t 

h e a l t h  hazard as a result of the presence of plutonium and merrcLa 

on lands a d j a c e n t  t o  t h e  Plant .  Eased upon data obtained frcn fee- 

eral a g e n c i e s  and the State of Colota&, the EPA concluded that the 

dose l i m i t a t i o n 8  in the Proposed Guidance had not h e n  exceetied on 

any off-s i te  landa and that t h e  l a n d s  o f f - s i t e  of t h e  Plant were 

suitable t o t  all normal Udes, including agricultural and residential 

use. 
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E. & --. AsuLLu.  
Tho ColoradacDepartment o f  H e a l t h  has promulgted a stan- 

dard f o r  p r o t e c t i o n  against e.ppo8ure t o  radiation durvrg conrtructior, 

a c t i v i t i e s .  (Standards  f o r  p r o t e c t i o n  Agaiwt Radiat ion,  6 C.C.R. 

1007-1,  pp. 1-9, 160 (1978) ) .  B i b l i o g r a p h y  No. 4. This standard 

establishes a so i l  contaminat ion level for p l u t o n i u n  a t  2.0 d / d q  
,d // 

( d i s i n t e g r a t t o n s  per minute of plutonium per gram o f  dry s o i l )  o r ,  -+C*, 

0.01 microcuries  par square neter.  a4 microcuries pc t  square rreter 

is e q u i v a l e n t  t o  1 0  millicuries per square kalomoter. However, 

d&/ 
Lo - 

because t h e  EPA and Colorado use ciafferefit samplmg dimensions, ~t IS 

n o t  possible t o  d i r e c t l y  conyare  t h e  &PA guidance and the Colorado 

standard.  1 The r e g u l a t i o n  is  i n t e n d d  t o  p r o t e c t  persons, primarily 

c o n s t r u c t i o n  Fersonnel, exposed to  plutonim-contamirated s o i l  dur l ry  .-b 
c o n s t r u c t i o n .  Tbe plutonium soil standard is implenented through the 

"suggested i n t e r i m  guidance for evaluation" provided by the Coloratfc 

Department o f  fiealth t o  local governments in t h e  e x e r c r s e  o f  their  

land use powers under C.R.S. 1973, 30-28-133. If sorl sampling inci-  

cates t h a t  c o n c e n t r a t i o n s  i n  excess of the standard e x i s t ,  c spcict3  

review m c h a n i s m  i s  t r i g g e r e d  t o  e n s u r e  t h a t  c o n s t r u c t i o n  on the 

parcel take8 a c c o u n t  o f  the plutonium concentration present and uti- 

l i z e s  spacial t@chniquas (e.+, dust reduction, thorough wetting dCkn 

of  tho camtructfarusite). The r e g u l a t i c n  t h e r e f o r e  rcqurcs only  

special c o n r t r u c t i o n  techniques  and doe8 not p r o h i b i t  d e v e l o p e n t  of 

the lands. 

. 
- - 
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I , Cf t h e  l a n d s  t o  be t r a n s f e r r e d  t o  t h e  C i t y ,  o n l i  trie 

n o r t h e r n  p o r t i o n  o f  &e Ackard-Butler parcel  contains concentrations 

I of p l u t o n i m  i n  excess of the Colorado standard. However, w i t h  COP 

p l e t i o n  o f  t h e  remdial  a c t i o n  program, concentrations on this Farce1 

will b e  reduced t o  levels a t  or below t h e  state standard.  
11. -of S U  on P1-f- t tands 

T h e  s o i l  t e s t i n g  program conducted by Pockwell on Greet 

Western Venture  and A c k a r d - B u t l e r  l a n d s  i n  1977 revealed that t h e  

amounts of Flutonrun and arnerrcrun c o n c e n t r a t i c n s  on thosq l?rcls 

ranged from l e v e l s  below background t o  as much as - c 

ni tude above background. "Background* 1evcls were est-ablrshed f tcn 

sampler taken a t  l o c a t i o n s  remote from the P l a n t .  There locations 

ware se lec ted  by the S t a t e  of Colorac!o for t h i s  p u r p o s e .  

B i b l i o g r a p h y  No. 5 .  

From t h e  data, it is  s e e n  t h a t  t h e  Church,  Ackard-Butler, 

and Great Western properties on t h e  east boundary of the Plant hcve 

the h i g h e s t  c o n c e n t r a t i o n s .  The Church property  a t  the s o u t t e a s t  

corner of t h e  p l a n t  boundary has levels below background. T h i s  

parce l  o f  l a n d  ha8 c o n t i n u o u s l y  t e e n  plowed f o r  wheat c r o g s  t y  

Church, and it ir  believed that plowing har mixed the surface soil 

and t h a t  c o n c e n t r a t i o n s  o f  t rarwuramm elmants f r a a  the plant have 

been s i g n i f i c a n t l y  di luted.  

W i t h  respect t o  t h e  l a n d  b e i n g  transferred t o  t h e  C i t y ,  

the f o l l o w i n g  summary i s  provaded based on the soil simpling nethod. 

established by t h e  Colorado Department o f  Eealth: 

\ 
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a. 

b s  

C .  

The 

Great V e s t e r n  Venture  Parcel 

l o w  vaue--0.06 d / W g  

high ~a l r ;e - -O.44  d/&g 

median value-0.23 d/Wg 

Ackatd-Butler  Parcel 

low value-0.13 d/n/g  

h i g h  value-17.1 d / m / g ,  

median value-2.4 d / d g  

Background Locat ions  

7 &+=J low value-0.03 d/n/g 

J h i g h  v a l u e  0.18 d/n/g  

number of samples t a k e n  w i t h i n  each o f  the parcels cf 

l a n d  was e s t a b l i s h e d  by stat is t ica l  methods with t h e  ot=Ject ;ve  cr' 

e s t i m a t i n g  t h e  median v a l u e  f o r  each parcel. Thus, with respect to  

the portion o f  Ackard-Butler  parcel t o  be t r a n s f e r r e d  t o  the C i Q ,  

the v a l u e s  l i s t e d  above are based on a l l  t h e  samples taker! on tfie 

A c k a r d - B u t l e r  a n d  Church propert ies  east  of t h e  P l a n t  conbicecl. 

These p r o p e r t i e s  were t r e a t e d  as one parcel rn the s t a t i s t i c a l  

a n a l y s t s .  No median value is spclfied for  tha background locat iocs  

because these s i tes  were specif i c d  independently ty  the Coloraco 

Departman+ o f  E e a l t h  prior t o  t h e  t e s t i n g  progrcm conducted by 

R O C k W d l o  

Analygis o f  25 samples fron p l a i n t i f f s '  landr and samples 

from each of t h e  f i v e  b a c k q r o u n d  l o c a t i o n s  used i n  t h e  t e s t i n g  

program show t h a t  wath respect t o  r a d i o n u c l i i e s  other than F l u t o n u n  



and americium, the levels o f  these radionudidas  on plai f i tzf fs '  lands 

are c o n s i a t e n t  w i t h  tackground levels. "hU8t the only materials r'rm 

t h e  Plant t h a t  have k e n  mtauured above background levels o f f - s i t e  

from t h e  P l a n t  are plutonium and americium. Bibliography No. 6. 

111. * 
The r i s k  associated w i t h  t h e  presencs o f  raciioactave p a t e  

r i a l s  i n  t h e  e n v i r o n m e n t  i s  almost e x c l u s a v e l y  t h e  induct ion o f  

c a n c e r  i n  v a r i o u s  o r g a n s  of t h e  body. There has been concern for 

genetic effects r e s u l t i n g  from i r r a d i a t i o n  of the orqans involved LE 

reproduct ion.  Powever, no genet ic  effects have been observed i n  any 

of t h e  irradiated human p o p u l a t i o n s  that have been studied t o  a t e .  

The r i sks  posed by plutontum and americium i n  soils arise 

only if t h o s e  materials enter t h e  body t h r o u g h  i n g e s t i o n  o r  

Lnhalat ion.  The magnitude o f  the r isks  o f  adverse h e a l t h  e f f e c t s  

psed by such materials depends on the q u a n t i t i e s  of the materials 

t h a t  are &posited i n  various organs of the body. 

The otcjana i n  which plutonium and americim concentrate ir 

the body aft- inhalat ion are the lung, l iver and bone. (These nate- 

r i a l s  are n o t  readily abrorbed by the body through ingastion because 

o f  t h e  chemical nature o f  t h e  c o m p o u n d s  they form i n  the 

environmcrnt . 1 Tha United States Environmental Protection Agency has 

i d e n t i f f a d  the lung and bone a8 t h e  organa of a m a r n  w i t h  respect t o  

plutonium and americium. 

TO place t h e  r i s k 8  associated w i t h  the lcpals of plutonim 

and americium on l a n d s  adjacent t o  the P l a n t  i n  perspactive, i t  is 
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a p p r o p r i a t e  t o  make a comparison between r a a a t t o n  doses t o  critical 

orgacs r e s u l t i n g  frcm.these materials and radiation doses t o  the sane 

o r g a m  r e s u l t i n g  from natural sources o f  rcdiat ion occurring in t h e  

Rocky Flats  e n v i r o n s .  Table 1, t a k e n  from Government Defendants' 

I 

A n a l y s i s  of  Health Risks, B i b l i o g r a p h y  No. 7 ,  shows such a 

comparison. 

T a b l e  1 
Est imated Annual Radiat ion Doses 

f o r  R e s i d e n t s  rn t h e  Denver, Colorado Area (mrem/yr)L 

Cosmic Rays' 50 50 50 

E x t e r n a l  I r r a d i a t i o n  by Terrestrial  
R a d i o n u c l i d e s b  72 7 2  57 

Lung I r r a d i a t i o n  by Inhaled 
Naturally Occurr ing R a d i o n u c l i d e s  I C 0  

I n t e r n a l  F a d i a t i o n  by N a t u r a l l y  
Occurring RadionucliChr ir, the Body 22 2 A  6p 

T o t a l  Natural Background 1 4 9  2 46 167 

21OPo i n  Cigarettes ( 2  packs/dayV 1 0  

I. Values from Natural Background R a d i a t i o n  i n  t h e  United States  
NCRP Report No. 4 5 @  1975. 

2. The dosa to  t h 8  bone is the dose t o  the e n d o s t e a l  c e l l a  o f  t k e  
bone uhich ara consadered to  b e  the cratrcal cells f o r  transcrz- 
nium elements.  

3 .  Value for  the Denver area t a k i n g  i n t o  a c c o u n t  a 10% b u i l k r g  
shielding factor. 

4 .  Value for t h e  Denver area t a k i n g  i n t o  a c c o u n t  a 20% b u r l d t r g  
s h i e l d  factor f o t  the whole body and lung and an addition@ 209 
body s h i e l d i n g  f a c t o r  for bone. 

5 .  V a l u e  from L i t t l e  @tal. ( D i s t r i b u t i o n  of Polordum in FUhoMr:' 
Tissues of Cigarette Smokers, New England J. Mtd. 22.3, 1965) 
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Internal Irradiation fron 
Radionuclides Released fron the 
Rocky Plat8 Facility and Fal lout '  0 . 3  5 

From Table 1 it is  s e e n  that the radiation Qses rasultir.q 

from plutonium and americium released fran the Plant (including plu-  

t o n i u m  and americium deposited from nuclear weapons t e s t s  in the 

atmosphere) are a very small fraction of the doses resulting from 

catural sources. The values given i n  the tahlc are based on actual 

neasurements i n  the emrirormKnt. The risks of born cancer associated 

w i t h  a dose of 167 millirems p r  year t o  the bone resu1tir.q fron the 

t o t a l  natural background sources are approximately 32 times (16G 

divided by 5 )  greater t h a n  the risks associated w i t h  a dose cf 

5 millirem t o  the bone result=? from Rocky Flats  releases of p l u t c -  

nrum and amcriciun. 

Estinatea of the r i s k  o f  lung cancer associated w i t h  cate- 

r ia l s  on lands adjacent t o  the Plant are shown i n  Table 2.  

6 .  T o t a l  dose from p l u t o n i u m  and americium i n  P l a n t  soil .  Fc 
attempt h a 8  b e e n  made t o  subtract o u t  t h e  contribution fron 
f a l l o u t ,  and it was asrrumad that a l l  of the food consumed was 
raised on t h e  land around the Plant .  
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Table 2 

S u r y  of Eealth Risk Pro]ections a t  Rocky 

?latr Boundary f o r  Potential EXpO8Urr8 of the 
~ 

Pulmonary tung t o  Plutonium and Americium 
~ 

EPA Model one c h a n c e  i n  forty m i l l &  

Fal lout  Analogy one c h a n c e  i n  t h i r t y - t n r ~  
million 

Environmental Disperston Model one c h a n c e  i n  one nundr 
m i l l i o n  

~ 

EPA Guidancc, one chance an one m i l l i c n  

The risks shown in W e  2 w u 8  crlculatad by three differ- 

ent method.. Sea Bibliogcaphy No. 7 .  The risks f o r  bone c a n c e r s  

fall below the valuer rharn in Table 2 .  

Tha EPA, an ita propo8.d gurdance on environmental releases 

of  radioactiva matarialr such as plutoniu suggests that risks 

asrocrated w i t h  eavironmurtal L e v d s  of the80 materials be l l m i t e d  

to a risk of one ia on. million p a r  yarr for lung c a n c e r .  

EPA condudas that dorm# of 1 malltrad t o  the lung o r  3 mtllrrad 

to bona p.r y a u  conc,rpond to rrska of one m one nullton pax year 

J I 

(The 

of cm- -.) Emlmr thL l d ,  tln EPA e r t l y  that 

7. IndLvidual r%sk for c a n c e r .  

-13- 



the r i s k s  should be disregarded fn considering what use should he 

made of land. upon which these materials have been deposited. 

The r i s k 8  as8ociated w i t h  plutonium and amaridan fram the 

Plant are (U33- t o  1/100)  of  the E a  suggested limit. Norewer, from 

Table l the risk of lung cancer from naturally occurring radioactiv- 

i t y  nust be taken to be 98840 tune8 greater (246 par mallion per year 

divided by 1 per 40 m i l l i o n  per year) than the risk of lmg cancer 

from plutonium and americium. 

From this analysis it i s  seen that for persons who would  

contmually inhabat or occu~y lands adjacent to  the Plant, the annual 

r isks of lung cancer are increased very l i t t l e  by the presence or' 

p l u t o n i u m  and americium i n  soils. For exaaple, assuming that as mny 

as 100,000 persons lived on these land8 continuously for 70 years, 

the number of extra lung cancers t h a t  might occur as a result of 

Plant act ivi t ies  would be 0.17, or less than one lung cancer. 

A t  the game tine, the dose t o  the lung of these same Fer- 

sons resul t ing from natural radiation soucys would be 246 ntrlltrec 

per year, as noted i n  Table 1 .  This corresponds t o  an a n n u c l  risk 

(calculated on t h e  8 a m  basis as the risk from P l a n t  plutoniun) o f  

246  x 1/1,000,000. Thua, for a population o f  100,000 yrsons living 

p l a i n t i f f a '  land8 foc 7 0  yearsI the number o f  lung cancers cesultirg 

from natural radiation would be 86 cancers. An incream o f  86 lung 

cancers in a population o f  100,000  person8 would not be detectable 

because of about 20 ,000  t o t a l  cancersI 4 ,000  lung cancers a t e  
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expected to occur ~n such a Populatron, and tha varrabllrty in 

the 4 , 0 0 0  rung cancer s t a t r s t r c s  LS 2 160. 

Tab18 3, S.8 pag ' Analysrs 
of Health Risks provides, ased on the 

EPA model f o r  all Lands sarnpled by Defendants. See Brbllography 

NO. 7 

I 
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IV. a&mnh&&Studies 

Two reparts appeared i n  1981 that i n d i c a t e d  a statistical 

r e l a t i o n s h i p  exists between c a n c e r  incidents Fatterns i n  the Denver 

Standard M e t r o p o l i t a n  Statist ical  Area (StlSA) fot 1969 to 1971 and 

SOU c o n c e n t r a t i o n s  of plutonium released from the  P l a n t  (Johnson 

B i b l i o g r a p h y  Nos, 8 and 9; Chinn Bibliography Ebs. 10 and 11) . Csing 

c a n c e r  i n c i d e n c e  stat ist ics  f o r  i n d i v i d u a l  census tracts taken fta 

the T h i r d  N a t i o n a l  Cancer Survey and p l u t o n i u n  so i l  c o n c e c t r c t r c n  

contours  d e r i v e d  from measurements reported by Paey (1s 61 and Prey 

and Bardy (1'970) , Johnson and Chinn concluded t h a t  r a c i o a c t r v r t y  

re leased  from t h e  P l a n t  was a l i k e l y  cause o t  t h e  o b s e r v e d  hlgi.  

fl q 
'2 

c a n c e r  i n c i d e n c e s  i n  p p u l a t i o n s  l i v i n g  near the plant. This rela- 

t i o n s h i p  is doubtful  because (a) a n a l y s e s  of tissues obtcfned Prom 

a u t o p s i e s  of Denver area residents did not shar Flutonam amceptra- 

t i o n s  h i g h e r  t h a n  those found in p p l e  living in other areas o f  the 

t ' n i t c d  S ta tes  (Cobb a t a l . ,  1982, EPA Tissue Study B i b l i c g r a y h y  

No. 14) , (b) s u f f i c i e n t  time had n o t  elapsed f o r  p l u t o n i m  released 

from t h e  P l a n t  to  cause t h e  obaerved i n c r e a s e s  i n  cancer iccidences 

d u r i n g  1969 t o  1971; ( c )  the c a n c e r s  reported t o  be i n  e x c e s s  

i n c l u d e d  many typ.8 t h a t  are n o t  l i k e l y  t o  recrult from i n t e r n a l l y  

deposited plutonium; and (d) c a n c e r  i n c i d e n c e  patterns for  rren and 

wonen obrorv8d i n  t h i 8  study are n o t  typical of thorn that would b e  

e x p e c t e d  i f  they W8f8 caur8d by a single 8nvironm8ntcl  factcir. 

Bowever ,  because o f  p u b l i c  c o n c e r n  f o r  r a d i a t i o n  expo~ures, the 

Department undertook a study t o  further e x p l o r e  c a n c e t  pat terns  i n  

-16- 



r e l a t i c n  t o  t h e  P l a n t .  (Crunp Report, B i b l i o g r a p h y  KO. 12). i n  

a d d i t i o n  t o  the c a n c d r  i n c i d e n c e  data used  by Johnson and Chin  f o r  

1969 t o  1971r  the Department analyzed data for 1979 to 1981. Cancer 

i n c i d e n c e s  f o r  t h e  later p e r i o d  would b e  more lakely t o  show an  

ef fect  of exposure t o  P l a n t  plutonium if such a r e l a t i o n s b g  actually 

e x i s t s .  This is due t o  t h e  l o n g  p e r i o d s  of time n e c e s s a r y  for a 

r a d i a t i o n  e x p o s u r e  t o  result i n  t h e  development o f  a c a n c e r .  

The primary conc lus ions  derived from the Ccparment's study 

are : 

1. The most  s i g n i f i c a n t  s t a t i s t i c a l  c o r t e l a t r c n  

i d e n t i f i e d  i n  t h i s  study is between c e n s u s  tract caEcer r n c i -  

dence  and d i s t a n c e  from t h e  State  Capitol  Building l o c a t e d  mar 

the  geographic c e n t e r  of Denver. 

2.  For both 1969 t o  1 9 7 1  and 1979 t o  1 9 8 1 ,  cancer 

i n c i d e n c e s  i n  Area  I ( w i t h i n  10 miles o f  t h e  P l a n t )  uere ro 

greater t h a n  those i n  t h e  Denver SNSA i n  g e n e r a l .  

3. When a n a l y s e s  were restricted t o  census t r a c t s  

with l o w  p o p u l a t i o n  mobil i ty,  t t e n d e  toward hisher cancer Lcci- 

d a n c e s  i n  areas n e a r e r  t o  t h e  P l a n t  were s t r e n g t h e n e d  during 

1969 t o  1971 and weakend during 1979 to 1981. Roweuer, kecacse 

o f  the long latency period f o r  most environmental  cancerg, the 

l a ter  per iod  8 h o u l d  be  more i n d i c a t i v e  of any a s s o c i a t i o n  

b e t w e e n  t h e  P l a n t  and cancer i n c i d e n c e s  i n  the  Denver StISA. 
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4. Between 1979 and 1 9 8 1 ,  cancer iccidences LC! 

Area I (nearest t o  the Plant)  were generally lower than those i n  

Area 11, which is further from the Plant. 

5,  S t a t i s t i c a l  correlations between census tract 

cancer incidence data and Johnson's exposure areas or other 

Plant-related variables largely disappear when the analyses are  

controlled for demographic a n d  socio-economic confoudrpg 

factors. 

6 .  I n  to ta l ,  these s ta t i s t i ca l  analyses do n o t   EL^ 

port a relationship between t h e  Plant and cancer rncrdence. 

Excess cancers reported by Johnson in Area I for 1969 t o  1971 

are n o t  l ikely t o  have been related t o  the Plant. 

The risks associated w i t h  the mounts of radioactive rat- 

rials released from the P l a n t  and present on Plaintiffs' lanes tG be 

transferred t o  the C i t y  upon closing of tke Settlement Agreenent C t e  

small i n  comparison t o  the risks f r a  exprrure t o  natural31 occurring 

radionuclides and other natural background radiations and arc o c f f i -  

cient ly  small that  they can be disregarded i n  aRy consiCeration 

relating t o  the uaa of  the lands. 
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INTROOUCTION 
4 

Regulations promulgated by the Colorado Department o f  Health (CDH) under 

Colorado Statutes require that land in an 'area of concern" i n  the v i c in i ty  
of the Rocky F l a t s  Plant be sampled and analyzed fo r  plutonium before 

construction a c t i v i t i e s  may proceed. Furthermore, as part of the recent 

Federal Court settlement agreement for the Rocky Flats  Plant land 
l i t i ga t i on ,  it was agreed that certain lands adjacent to the Plant would 
be evaluated fo r  plutonlum contamination. I f  it i s  determined that so i l  on 
these lands contains plutonium at concentrations greater than the CDH 
guideline, remedlal actions w i l l  be in it iated. The permissible level o f  
radioactive material i n  uncontrolled areas as specified i n  RH4.27 of the 
Rules and Regulations Pertaining t o  Radiation Control, circulated by COH i n  

1978 i s  2 dis integrat ions per minute per gram ( 2  d/m/g) of dry s o i l  . 
The sample c o l l e c t i o n ,  a na l y t i c a l  da ta  and eva luat ion  o f  r e s u l t s  are 
described t o  f u l f i l l  the requirements o f  the State o f  Colorado. 

SITE LOCATION 

The sampled s i t e  i s  owned by the C i t y  o f  B romf ie ld  and l i e s  within the 
'area o f  concern" as outllned by CDH. The land i s  located I n  the northern 

ha l f  o f  Section 7 ,  T2SR69Y. The area sampled I s  Inmcdiately adjacent to 

Great Western Reservolr on the west and south. 
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LAND USE 4 

' 0  

The land was o r i g ina l l y  ut i l i zed as pasture for  grazing livestock. This 

use was discontinued after Broomfield acquired the land. There are no 
disturbed areas on th i s  parcel o f  ground. Walnut Creek flows eastward 
across the northeast corner o f  the area and a network o f  small tributaries 
drains the southwest corner into Great Western Reservoir. 

SAMPLE COLLECT I ON PROCEDURES 

The boundaries o f  the area a re  well defined by fences on the west, north 
and south and by o f  Great Western Reservoir on the east. The 
s i t e  included abo nd the CDH guideline of  one composite sample 
per each 10 The s i t e  was divided into four sectors 
which were labeled A ,  B,  C and D. 

Sector A was subdiv ided i n to  2 ten acre sample s i t e s .  Sector 8 was 
subdivided into 2 ten acre sample s i te s  and 1 seven acre sample site. 
Sector C was subdivided into 3 ten acre sample s i te s  and 1 five acre sample 
site. Sector 0 was subdivided into 3 ten acre sample s i tes  and 3 f ive acre 
sample s ites.  The total number of samples was 15 prepared from 355 sub- 
samples. The s i t e  and sectors are shown on the attached map. 

Each sample s i t e  was divided into a sampling g r i d  on a spacing of 132 feet. 
Sector and s i t e  boundaries were located using a "Rolalape". The locations 

for each subsample were made by pacing. 

Soi l  samples were collected at each location using the CDH prescribed 
template and scoop. The 5 x 6 cm template was forced into the ground 
surface and the scoop was used t o  remove the top 1/8 inch (0.32 Cm) Of 

so i l  . It  was attempted to  collect only the ffne fraction of the topsoil . 
Most of the grass, s t icks ,  seeds and rocks were removed from the sample 
before it was placed i n  a new one gallon paint can. 
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ANALYTICAL PROCEOURES 

4 

Sample preparat ion  and a n a l y s i s  was performed accord ing  t o  publ ished 

procedures. The entire sample was dried at 100°C, sieved through a 10 mesh 
sieve, weighed and the fine portion was ball  milled. The milled portion 
was sieved through a 35 mesh sieve and stored i n  p l a s t i c  screw cap bottles. 

Ten gram aliquots o f  each sample were analyzed for plutonium. Blank so i l  
and synthetic standard s o i l s  were b l ind ly  batched with the f ie ld  samples in 
a random manner as qual ity  controls i n  the radiochemical laboratory. 

Plutonium analyses were performed by Accu-Labs Research, Inc., 11485 W. 

48th Avenue, Wheat Ridge, Colorado. 

The s o i l  samples were to ta l l y  dissolved using a 40 percent solution of 

hydrofluoric acid. A plutonium-236 tracer was added t o  the soil before 
dissolut ion.  After fuming with HF, the sample was brought to volume with 
n i t r i c  acid (HN03). Plutonium was separated from the solution with an 

ani on exchange col umn. 

The pur i f ied  material was then eluted from the column and electroplated on 

a polished steel disc,  The radioact iv ity on the d i s c  was measured i n  a 

s o l i d  state alpha spectrometer and the recovery was determined from the 

tracer peak . 

QUALITY CONTROL 

During sample analysis, qual ity  control consisted o f  blank s o i l  analysis, 

standard soi 1 analysi  s ,  reagent blank analysis and sei ecti ve dupl i cate 
sample analysis. A l l  samples were submitted to  the analyt ial  laboratory i n  

a random and b l i nd  manner. 
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Accu-Labs Research, Inc. (ALR) operates under a rigorous Qual i ty Assurance 

(QA) Program designed to Comply with the Cr i te r ia  for Nuclear Power Plants  

set forth i n  T i t l e  10, Code o f  Federal Regulations, Part 50, Appendix 8 

(10CFRSO). This program a l so  complies with the U.S. Nuclear Regulatory 
Commission (YRC) Quality Asssurance specifications described i n  Regulatory 

Guide 4.15. The stringent system of  controls and checks inherent i n  ALR's 

QA program ensures analytical r e su l t s  o f  the highest caliber. 

ALR employs a number o f  procedures t o  monitor instrument e f f i c i e n c y ,  
technician performance, method performance and overall accuracy and 

precision. U t i l i z i ng  the i r  QA program, ALR has been successful i n  becoming 
ce r t i f i ed  for radiochemical analyses by the Environmental Protection Agency 

(EPA) and other regulatory author1 t i e s  . 

RESULTS OF ANALYSES 

The l e t te r  report from ALR and Table I present the results  of the radio-  

chemical analyses. Deviations reported are f o r  the var iab i l i t y  o f  the 
radioactive disintegration process (counting error) a t  the 95 percent 

confidence level (1.96 sigma). 

CONCLUSIONS 

The re su l t s  of the radiochemical analyses show 

standard (2 .2 - + 0.0, d/m/g) agreed with the ana 

that the value f o r  the 

ytical value (2 .7 - + 0.7 

The blank value of 0.07 2 0.13 d/m/g i s  typical o f  many replicate d/m/g). 
analysos of the same so i l  sample. 

The sample results are withln the range from 0.8 t o  8.4 d/m/g o f  
plutonium-239. Based on these resu l t s ,  it Is concluded that only 3 ten 

aCP8 g l r t a A  0-1, 0-2 and 0-3 corrtilr p l u t o c r ~ u  it cocrcentrrtions 
signlffcicrtly higher than the CDH guideline ot  2 d / m / m e  60 acres of 



land will require r m d i a l  action such as plowing, dirking and reseeding. 
- other S ~ t O C I .  peitcr 
2.2 d/m/g) are nbt high enough to  present 

a health hazard. (The maximum value i s  only 6 percent o f  the €PA proposed 

screening l e v e l  o f  40 d /n /g ) .  These 90 ac res  o f  l and  should not be 
disturbed a t  t h i s  time. 
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Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge, Colorado 80033 
(303) 423-2766 

mil 3, 1985 
Page 1 o f  1 4 

Fb. Chuck I l l s l e y  
Rockwell International 
Rocky Flats Plant 
P.O. Box 464 
Golden, CO 80402-0464 

RE: 8890-19611-17 
Date Samples Rec'd 3-25-85 
Purchase Document No. l27lSPB 

REPORT OF ANALYSIS 

MR Designation Sponsor Designation 

8890-19611-17-1 85-A-1 
-2 85-~-2 
-3 85-8-1 
-4 85-8-2 
-5 85-8-3 

-6 85-C-1 
-7 85-C-2 
-8 854-3 
-9 8 5 4 - 4  
-10 85-0-1 

-11 85-0-2 
-12 85-0-3 
-13 85 -04  
-14 85-0-5 
-15 85-04 

-16 STD. NO. 60/242 
-17 Blrnk 

Pl uton iu~239,  total 
f counting error+ 

pCi/g (dry) 

0.64 f 0.23 
0.39 f 0.15 
0.73 f 0.19 
1.1 t 0.2 
1.0 f 0.2 

0.81 f 0.19 
0.97 f 0.24 
0.74 f 0.20 
0.48 f 0.13 
3.8 i 0.5 

3.5 f 0.4 
1.9 f 0.5 

0.82 f 0.24 
1.0 f 0.2 

0.36 f 0.13 

1.2 i 0.3 
0.03 0.06 

Air Dry 
Loss, % 

9.3 
7.2 

6.4 
9.2 

5.5 
4.1 
2.3 
4.4 

15.3 

16.7 
7.9 
5.3 
8.1 
3.0 

8.0 

-0 

-0 

*Varlrblllty of the rd i o re t l ve  disintegration process (counting error) a t  
the 95% confidence level, 1.960. 
These smplet are scheduled to k disposed of  45 days after  the date of this 
rcwrt. 

Rad1 oc)lml $try 
Supervisor 
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LOCATION 
A- 1 
A-2 
8-1 
8-2 
8-3 

c-1 
C -2 
c-3 
c-4 
0-1 
0-2 
0-3 
0-4 

0-5 
0-6 

rTABLE I. GREAT WESTERN RESERVOIR 
SOIL SAMPLE ANALYSES 1985 

(PLUTONIUM CONCENTRATIONS IN D/H/G) 

PLUTON IUM-239 
1.4 - + 0.5 
0.9 - + 0.3 

2.4 2 0.4 

1.8 + 0.4 

1.6 - + 0.4 

1.1 + 0.3 
8.4 - + 1.1 
7.8 + 0.9 

1.6 2 0.4 

2.2 + 0.4 - 
1 

2.2 - + 0.5 

- 

4.2 + 1.1 
1.8 - + 0.5 
2.2 2 0.4 

0.8 - + 0.3 

8 
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INTRODUCTION 

Regul at1 ons promulgated by the Colorado Department o f  Health (CDH) under 

Colorado Statutes require that  land i n  an "area o f  concern'' i n  the v i c i n i t y  o f  

the Rocky F l a t s  Plant be sampled and analyzed for  plutonium before 

construct i on act i v i  t i es may proceed. Furthermore , as part  of the recent 

Federal Court Settlement Agreement f o r  the Rocky F l a t s  P lant  land l i t i g a t i o n ,  

it  was agreed that certa in  lands adjacent t o  the P lant  would be evaluated for  

p l u ton ium contaminat ion.  If i t  was determined t h a t  s o i l  on the se  l and s  

conta ins  plutonium at concentrations greater than the  CDH guidel ine,  remedial 

act ions  would be in i t i a ted.  The permiss ible level  o f  radioact ive material i n  

u n c o n t r o l l e d  a reas  a s  s p e c i f i e d  i n  RH4.27 of  t h e  R u l e s  and Regu la t i on s  

Per ta in ing  t o  Radiation Control, c i rcu lated by CDH i n  1978 i s  2 

d i s i n teg ra t i on s  per minute per gram (2 d/m/g) of d ry  s o i l  o r  0.90 pCi/g. 

Th i s  report describes the sample co l lec t ion ,  ana ly t i ca l  data, evaluation of  

r e s u l t s  f o r  a parcel  o f  l a n d  l o c a t ed  immediately e a s t  o f  Rocky F l a t s .  

Remedial act ions  taken t o  f u l f i l l  the requirements o f  the State of  Colorado on 

t h i s  l and  are  a l so  summarized. 

SITE LOCATION 

The sampled s i t e  i s  owned by the C i t y  o f  Broomfield and Jefferson County and 

l i e s  with in  the "area o f  concern" as outl lned by CDH. The land i s  located i n  

the southern h a l f  of Section 7 and western h a l f  o f  Sect ion  18, T2S, R69W. The 

area sampled i s  south of Great Western Reservoir,  east o f  Indiana Street and 

north o f  West 96th Avenue (see Figure 1). 

-1- 



N 
BOULDER COUNTY 

GRU? WESTERN I \ RESERVOIR 
I I  

PROGRAM AREA 

\ 
(Prior Ownor Church) I 0 I PLANTBOUNOARY 

I 

FIGURE 1 INDEX MAP SHOWING LOCATION OF PROGRAM AREA 

LAKE 

STANDLEY LAKE k1 



LAND USE 

The land was o r i g i n a l l  ' u t i l i  ed as pasture f o r  gra g l ivestock and 

cropland for growing winter wheat. The cropland has been t i l l e d  fo r  25 years 

or more. Woman Creek flows eastward across  the southern port ion o f  the area 

in to  Standley Lake. A small i r r i ga t i on  d i t ch  de l i ve r s  water from Woman Creek 

to  Mower Reservo i r .  The vegetation i n  the area con s i s t s  of native grasses,  

var ious shrubs and small trees along Woman Creek and wheat stubble and weeds 

i n  wheat f i e l d s  abandoned s ince 1980. 

SAMPLE COLLECTION PROCEDURES 

The boundaries of the area are well defined by barbed wire fences on a l l  four 

s ides.  These boundaries were checked by profess ional  surveyors from C. R. 

Moore and Associ  ates (Rockwell contractor) and ADG Engi neeri ng Inc.  (Jefferson 

County contractor).  The s i t e  includes about 640 acres and the CDH guidel ine 

o f  one composite sample per each 10 acres  was followed with minor 

modifications. The C i t y  of Broomfield land was d iv ided in to  10 - ten acre 

plots i n  order t o  include the entire t r i angu la r  shaped area. This resulted i n  

some overlap with two 10 acre p lo t s  i n  the recent ly  acquired Jefferson County 

Open Space land. Fourteen 10 acre p lo t s  were establ i shed on the la t te r .  The 

centers o f  each o f  these p lo t s  were located by profess ional  surveyors from 

Drexel, Barre l1  and Company. These s i t e s  were selected from those u t i l i z ed  i n  

the o r i g i na l  s o i l  sample tes t ing  program conducted by Rockwell and DOE i n  

1977.' 

based on the Rocky F l a t s  Settlement Agreement. 

The i d en t i t i e s  o f  these s i t e s  were agreed upon by CDH and Rockwell, 

Each sample s i t e  was 
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d i v i d e d  i n t o  a sampl ing  g r i d  on a spac ing  o f  165 f e e t .  Sec to r  and s i t e  

boundaries were located us ing  a Rolatape (Model 400). The locat ions  fo r  a l l  

subsamples were made by pacing. S o i l  samples were co l lected at  each locat ion  

u s i ng  the CDH prescr ibed template and scoop. The 5 x 6 cm template was forced 

in to  the ground surface and the scoop was used t o  remove the tap 1/8 inch 

(0.32 cm) o f  s o i l .  The Intent  was t o  co l lec t  on ly  the f i ne  fract ion of the 

top so i l .  Most of the g ras s ,  s t i c k s ,  seeds and rocks were removed from each 

sample before it was placed i n  a new one ga l lon  pa int  can. 

R 

ANALYTICAL PROCEDURES 

Sample preparation and ana ly s i s  were performed according t o  standard 

procedures, approved by the Colorado Department o f  Health. 2 9 3 9 4  The entire 

sample was dr ied a t  100°C, sieved through a 10 mesh s ieve,  weighed and the 

f i n e  port ion was ba l l  mi l led.  The mi l led  port ion  was s ieved through a 35 mesh 

s ieve and stored i n  p l a s t i c  screw cap bot t le s .  Ten gram a l iquots  o f  each 

sample were analyzed f o r  plutonium. Blank s o i l  and synthet ic  standard s o i l s  

were b l i nd l y  batched with every group o f  seven f i e l d  samples i n  a random 

manner as qua l i t y  cont ro l s  i n the radio-chemical laboratory.  

P1 utoni urn analyses were performed by Accu-Labs Research, Inc., 11485 W. 48th 

Avenue, Wheat R i  dge, Col orado. 

The s o i l  samples were t o t a l l y  d i s s o l v e d  u s i n g  a 40  percent  s o l u t i o n  o f  

h y d r o f l u o r i c  a c i d .  A plutonium-236 tracer was added t o  the  s o i l  before 

d i s so lu t ion  i n  order t o  determine chemical y i e l d .  After  fuming with HF, the 

sample was brought t o  volume with n l t r i c  ac id  (HN03). Plutonium was separated 

from the so lu t lon  w i t h  an anion exchange column. 
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The pu r i f i ed  material was then eluted from the column and electroplated onto a 

po l i shed steel  d i sc .  The r ad ioac t i v i t y  on the d i s c  was measured i n  a s o l i d  

s ta te  alpha spectrometer and recovery was determined from the t racer  peak. 

QUALITY CONTROL 

During sample ana ly s i s ,  qua l i t y  control consisted o f  blank s o i l  ana ly s i s ,  

standard so1 1 ana ly s i s ,  reagent blank ana l y s i s  and dupl icate sample analys i s .  

A l l  samples were submitted t o  the analyt ica l  laboratory i n  a random and b l i nd  

manner. 

Accu-Labs Research, Inc. (ALR) operates under a r igorous  Qual ity Assurance 

(QA) Program designed t o  comply with the C r i t e r i a  f o r  Nuclear Power Plants  set 

fo r th  i n  T i t l e  10, Code o f  Federal Regulat ions,  Part 50, Appendix B (lOCFR50). 

This  program a l s o  complies with the U.S. Nuclear Regulatory Commission (NRC) 

Qual i ty  Assurance spec i f i ca t ions  described i n  Regulatory Guide 4.15. The 

st r ingent  systeln o f  contro l s  and checks inherent i n  ALR's QA program ensures 

analyt ica l  rPSIJ1 ts o f  the h ighest  c a l l  her. 

ALR employs a number o f  procedures t o  monitor instrument ef f ic iency,  

technician performance, method performance and overal l  accuracy and prec i s ion  

U t i l i z i n g  t he i r  OA program, ALR has been successful  i n  becoming cer t i f ied  for  

radiochemical analyses by the Envi ronmental Protect ion Pgency (EPA) and other 

regulatory author i t ies .  

- 5- 
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RESULTS OF IN IT IAL  ANALYSES 

Table I sumnarizes the resu l t s  o f  the i n i t i a l  radiochemical analyses of s o i l  

samples co l lec ted  i n  1985 before remedial act ion.  Dev iat ions  reported are fo r  

the v a r i a b i l i t y  o f  the radioactive d i s in tegrat ion  process (counting e r ro r )  at 

the 95 percent confidence level  (1.96 sigma). The data are a l s o  depicted on 

F igure  2 a long with h i s t o r i ca l  data from 1977. 

CONCLUSIONS FROM INITIAL TESTING 

The r e s u l t s  o f  the radiochemical analyses show that  three averaged ana ly s i s  

v a l ue s  f o r  t h e  s o i l  s tandard (1-12,  1.02 and 1-01) agreed wel l  w i th  the  

standard value of 1.0 pCi/g, The average blank values (0.10, 0.01 and 0.005 

pCi/g) are  t yp i ca l  of many repl icate analyses o f  the same s o i l  sample. 

The sample r e s u l t s  are within the range from 0.46 t o  5.6 pCi o f  plutonium per 

gram o f  d ry  s o i l .  Fifteen values are greater than the Colorado Department of 

Health plutonium-in-soil standard o f  0.90 pCi/g. I t  should a l s o  be noted that 

the maximum value o f  5.6 pCi/g i s  about 30% o f  the EPA proposed screening 

level  5 

It can be seen froin Figure 2 that a comparison o f  the 1985 and 1977 re su l t s  

shows, with a few exceptions, that the more recent plutonium i n  s o i l  

concentrations are  s i gn i f i can t l y  l e s s  than the p r i o r  data a t  the same 

locat ions .  These reductions are probably due t o  the e ight  year time I 
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I a 

Samole No, 

TABLE I 

ANALYSES OF SOIL SAMPLES FROM SECTION 7 AN0 18, 
T2S , R69U. 

(Plutonium Concentrations In pCi/g) 

- - - -  

GUS 85-1 

GUS 85-2 
GUS 85-3 
GUS 85-4 
GUS 85-5 
GUS 85-6 

GWS 85-7 
Gus 85-8 

GUS 85-9 
GUS 85-10 

I 85-2 
I 85-4 
I 85-5 
I 85-6 

I 85-7 
I 85-11 
I 85-12 
I 85-16 
I 85-17 
I 85-18 
I 85-19 
I 85-20 

I 85-21 
I 85-22 

S i t e  No. 

1 

2 
3 
4 

5 
6 

7 
8 
9 
10 
9 
10 
3 
4 
11 
12 

7 
a 
la 
19 

22 
21 
17 
20 

Plutonium 239 c + Counting Error 

5-6 - + O S  
5.0- + 0.5 

2-9 2 0-4 

2.2 - + 0-4 

- 

2.5 + 0-4 

0.86 - + 0.3 

0.74 + 0.2 
3.6 2 0.4 

- 
1-0 2 0.2 

c 

2.2 - + 0.4 

0.46 - + 0.2 
0.61 + 0.2 - 
0.96 + 0.2 

0.52 - + 0.2 

0.03 - + 0.1 
0.12 + 0*1 
0.82 - + 0.2 

- 
1-0 - + 0-3 

0.81 - + 0.3 

T 

1-8 - + 0.2 
3.0 - + 0.5 

2.1 2 0.4 
1.0 - + 0.2 
1.4 - + 0.2 

. 
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difference which could have allowed f o r  plutonium weathering and migration, 

the la rger  surface area represented by the 1985 samples [lo acres per sample 

as compared t o  the 1977 samples (0.2 acre per sample)], and the fact that a 

d i f fe rent  laboratory u t i 1  i z i n g  a s l i g h t l y  d i f fe rent  radiochemical procedure 

performed the ana yses.  

F igure  2 a l s o  shows the locat ions  o f  the three abandoned wheat f i e l d s ,  one i n  

Sect ion 7 and two i n  Sect ion 18. The 1985 data SubStantiate the ear l ie r  

conclusion that  the plutonium concentrations i n  the s o i l  i n  the previously 

t i l l e d  p l o t s  are about 4% o f  the  CDH standard. It i s  therefore reasonable t o  

conclude that r ipping,  plowing and d i s k i ng  w i l l  reduce the plutonium 

concentrations i n  the other areas t o  l e ve l s  below the state  standard. 

Based on t he  1985 data ,  about 75  a c r e s  o f  t he  newly acqu i red  C i t y  o f  

B roomf ie ld  l a nd  w i l l  r e q u i r e  remedia l  a c t i o n .  Most o f  t he  remainder o f  

Section 7 ,  purchased by Jefferson County, but excluding the abandoned wheat 

f i e l d s ,  w i l l  require remedial act ion.  The Jefferson County land i n  Section 18 

w i l l  require remedial act ion  on about 40 acres.  This  i s  the area along Woman 

Creek between Indiana Street and Mower Reservo i r .  

-8- 



REMEOIAL ACTION PROGRAM PLAN 

Remedi a1 act i on recommendat i ons w d by G ry Finstad o f  the US So i l  

Conservat i on Serv ice  ,6 These recommendat i ons 1 ncl uded t 11 1 age on a1 ternat i  ng 

s t r i p s  (standard s t r i p  farming techniques) l a i d  out along the contour t o  

minimize wind and water erosion. Remedial act ion  should not be undertaken on 

the unbroken s t r i p s  un t i l  the first set  i s  re-established i n  protect ive  grass .  

S t r i p s  with a width o f  120 t o  150 feet were recommended. 

Following t i l l a g e  a cover crop o f  sorghum was suggested t o  control eros ion 

unti  1 nat i ve  g ras ses  could be planted i n  the f a l l ,  The sorghum could be cut 

if necessary, t o  provide an improved seed bed f o r  the g ras s  seeding. 

P r i o r  t o  i n i t i a t i o n  o f  the ground preparat ion a c t i v i t i e s ,  a Fug i t i ve  Oust 

Permit (No. 85JEO52L) was obtained from the Colorado Department o f  Health 

(CDH) . T h i s  permi t  r equ i r e s  cons tant  mon i t o r i n g  o f  wind speed and s o i l  

dens i ty  dur ing  s o i l  disturbance a c t i v i t i e s  t o  control blowing dust. If the 

wind speed exceeds  15  mph o r  i f  t he  s o i l  mo i s t u r e  f a l l s  below 15%, a l l  

a c t i v i t i e s  on the s o i l  w i l l  cease. Vehicle speeds on a l l  d isturbed areas must 

not exceed 15 mph. A l l  disturbed surface areas must be revegetated and snow 

fences must be i n s t a l l e d  i f  found necessary by COH. 

A i r  samplers must be operated during the s o i l  t i l l a g e  a c t i v i t i e s  and samples 

w i l l  be analyzed for alpha rad ioact i v i ty  and plutonium concentrations. I f  the 

alpha a c t i v i t y  exceeds 0.06 pCi/m , a l l  s o i l  disturbance act ions w i l l  be 

stopped. 

3 
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REMEOIAL ACTION PLAN IMPLEMENTATION 

' 0  

a 
I 

e 

Eleven s t r i p s  o f  land were surveyed and staked a t  an approximate spacing of 

140 f ee t .  The s t r i p s  r a n  a lmost  e x a c t l y  east -west,  except where s l i g h t  

va r ia t ions  i n  topography caused s h i f t s  t o  northwest o r  northeast. The longest 

s t r i p  was about 3000 feet long  and the shor tes t  was about 750 feet long. 

Rocky F l a t s  type a i r  samplers were set  up a t  the  north edge and at the mid 

south edge of the work area. The samplers received e lectr ica l  power from 

portable 1600 watt gas powered generators. Operation was conti nuous f rom June 

12 through J u l y  28, 1986 and samples were co l l ec ted  and analyzed once every 24 

hours . 

So i l  moisture t e s t  holes were d r i l l e d  at  th ree  locat ions ,  one at the north 

edge, one i n  the center and one at  the south edge o f  the work area. Aluminum 

tubes were in ser ted  i n  each te s t  ho le  and the locat ions  were marked with 

f lagged stakes.  So i l  moisture measurements were taken each day that s o i l  

disturbance a c t i v i t i e s  were underway. Measurements were made with a Troxler  

El  ect roni  c Laborator i  es neutron moi s tu re  gauge Model 3321. Instrument 

readings were ve r i f i ed  by s o i l  samples analyzed gravimetr ical ly  i n  the 

Rockwell Rocky F l a t s  General Laboratory. 

T i l l i n g  the s o i l  on the Jefferson County Open Space lands began on June 11, 

1986. The first operation consisted o f  r i p p i n g  the s o i l  with an agrrcultural  

implement having point ch i se l  r ipper s ,  spaced 12 inches apart i n  three rows. 

Power was suppl ied by a four wheel d r i ve  350 horsepower farm tractor.  The 

r ipp ing  procedure was appl i ed four times. 

-10- 
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The second operation cons i s ted o f  three passes with an implement having ch i se l  

plow curved r ippers ,  The r ippers  were spaced 12 inches apart i n  three rows. 

The th i rd  and f i n i s h  process was performed by one pass  with a vibrashank 

r ipper,  

I 

These smal ler  r ipper s  were spaced 6 inches apart  i n  3 rows. 

Seed bed preparation i n  the cu l t ivated area a l s o  required removal of thousands 

o f  yucca p lants  because they would interfere  with proper operation of  the 

seeder. The many r ipp ing  operations dislodged the p lant s  by uprooting or 

breaking o f f  the roots.  I t  was then necessary t o  manually co l l ec t  the plants.  

A crew o f  "yucca p ickers "  placed the plants  on a t r ac to r  mounted hay fork rack 

and the t ractor  operator made p i l e s  o f  yucca p lant s  throughout the worked 

f i e l d s ,  The p i l e s  were l a t e r  removed us ing  a front-end loader and 10 ton dump 

truck.  300 loads o f  yucca were hauled to  the Rocky F l a t s  Plant sanitary 

l a nd f i l l  f o r  f i n a l  d i sposa l .  

S o i l  samples were then  c o l l e c t e d  from the  t en  s t r i p s  t o  determine the  

effectiveness o f  t i l l i n y  i n  reducing plutonium concentrations. Samples were 

col lected accord1 ng t o  CDH prescribed procedures a s  prev ious ly  described. 

Samples were taken a t  the edges and center o f  each s t r i p  at  a spacing o f  150 

feet. S t r i p  number one ( the westernmost) y ie lded 24 subsamples which were 

composited in to  one sample f o r  analys i s .  The next s t r i p ,  number two, was 

separated 1 nto  two s e c t i o n s  and 24 subsamples were composited from each 

sect ion  labeled "east4' and "west." S t r i p s  three and four  were sampled i n  a 

l i k e  manner. The remaining seven s t r i p s  were shor ter  and were sampled by 

compositing 14 subsamples f o r  each strip. 

-11- 
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The re su l t s  o f  s o i l  analyses for  plutonium i n  nine of the eleven s t r i p s  were 

a l l  l e s s  t h an  the  CDH g u i d e l i n e  o f  0.90 pCi/g ( 7  d/m/g). The p lutonium 

concentrations i n  s t r i p  #1 and the west h a l f  o f  s t r i p  #2 were s t i l l  greater 

than 0.90 pCi/g. Approximately 20 acres i n  these two s t r i p s  were then t i l l e d  

three more times with the ch i se l  plow r ipper s  and two more compqsite samples 

were col lected. The re su l t s  o f  analyses f o r  these samples were s t i l l  greater 

than 0.90 pCi/g plutonium. 

The next attempt at  t i l l i n g  included the use  o f  a three bottom moldboard plow. 

The 20 acres was plowed three times t o  a depth o f  12 inches and f in i shed  with 

one appl icat ion  with the vibrashank r ipper.  Ten s o i l  samples were collected 

from these 20 acres and analyzed i nd i v i dua l l y  f o r  plutonium, The average o f  

the four values from s t r i p  #1 was 0.83 pCi/g and the average o f  the s ix values 

from s t r i p  #2 (west) was 0.63 pCi/g plutonium. The f i n a l  r e su l t s  of s o i l  

analyses on a l l  eleven s t r i p s  are shown on F igure  3. 

l 

The f ina l  r e s u l t s  o f  s o i l  analyses from the area showed that the 

concentrations o f  plutonium were l e s s  than 0.90 pCi/g (2 d/m/g) and ready fo r  

seeding as agreed t o  by CDH. Appl icat ion o f  sorghum seed at  the rate of 10 

pounds per acre was i n i t i a ted  on Ju l y  24, 1986. The first sprouts o f  sorghum 

appeared on August 4, 1986, The f i n a l  20 acres o f  ground that  required deep 

plowing and r ipp ing  was planted with sorghum on August 2, 1986. 

The sorghum plants  grew t o  a maximum height o f  12 inches and d id  not generate 

any seeds. The plants  stopped growing in ear ly  October and wi lted back after 

the f i rst  loca l  f ro s t .  The appl icat ion  o f  wi ld grass  seed began on October 

29, 1986 and was completed on November 17, 1986. This  long time period was 

-12- 
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required because o f  several small snowstorms, winds i n  excess o f  the control  

speed o f  15 mph, and below freezing temperatures, The g ras s  seed was appl ied 

a t  a r a t e  o f  1 5  pounds of pure  l i v e  seed (PLS )  pe r  ac re  and conta ined  a 

m i  xture o f  va r i  et1  e s  a s  i ndi cated bel ow 

Special Grass Seed Mixture 

Speci es 

Western 
Wheatgrass 

S i  deoat s 
Grama 

Smooth 
Brome 

Pubescent 
Wheatgrass 

Other 

Var iety  Pur1 t y  Germi nat 1 on 

A r r i  ba 36.03% 84% 

Vaugh 34.36% 88% 

L i  ncoi n 10.39% 7 3% 

Luna 8.29% 91% 

TOTAL 100 % 

Pure L i ve  Seed 

30.26% 

30.24% 

7.58% 

7 -54% 

75.62% 

1 b/acre P lant ing  Rate = 15 l b  PLS/acre = 19.8 
0.7562 

Since the cover crop o f  sorghum was not a s  heavy as  desired, supplemental 

mulching was provided by the addit ion o f  l ong  stemmed, weed-free nat ive g ras s  

hay. This hay was appl ied a t  the rate  o f  4000 pounds per acre and forced i n to  

the s o i l  with a t r ac to r  drawn crimper. Mulching began on November 24, 1986 

and was completed on January 15, 1987. Once aga in  delays i n  mulch appl icat ion  

were caused by f reez ing  temperatures and snowfal l .  

-14- 
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Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge. Colorado 80033 
(303) 423-2766 

November 27, 1985 
Page 1 of 1 

Mr. Chuck I l l s l e y  
Rockwell International 
Rocky Flats Plant 
P.O. Box 464 
Golden, CO 80402-0464 

RE: 8890-20831-12 
Date Samples Rec'd 10-17-85 
P.O. No. 48464 

REPORT OF ANALYSIS 

ALR Designation S po n so r P1 utonium-239, 
Designation f: count1 ng error* Dupl i cate 

Result pCi /g  (dry) 

8890-20831-12-1 GWS- 8 5 - 1 5.9 ?: 0.5 5.2 f 0.5 
-2 GWS-85-2 4.9 f 0.5 5.0 i 0.5 

-4 GWS-85-4 2.1 f 0.4 2.2 k 0.3 
-3 GWS- 8 5-3 2.5 2 0.4 3.3 i- 0.4 

-5 GWS-85-5 2.6 k 0.4 2.4 i- 0.3 

-6 GWS-85-6 1.0 f 0.3 0.72 f 0.19 
-7 GWS-85-7 0.84 f 0.21 1.2 f 0.2 
-8 GWS-85-8 0.58 ?: 0.20 0.89 f 0.21 
-9 GWS-85-9 4.2 ,+ 0.4 
-10 GWS-85-10 2.3 f 0.3 2.0 i- 0.4 

2.9 2 0.4 

-11 Blank 0.13 f 0.12 0.07 +, 0.12 
-12 Standard 0.93 f 0.19 1.3 i 0.3 

Air Dry 
Loss, 'I, 

4.3 
4.6 
4.2 
4.7 
7.3 

7.5 

3.0 
4.9 
7.7 

4.9 

-- -- 

*Yariabili t y  of the radioactive d i  ~ i n t e g r a t i o n  process (counting error) a t  
the 95% confidence level, 1 .96~.  
These samples are scheduled t o  be disposed o f  45 days after the date of th i s  
report. 

Radiocheml stry 
Supervi sor 



A Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge Colorado 80033 /A (303) 423-2766 

December 26, 1985 
Page 1 o f  1 

Mr. Chuck I l l s l e y  
Rockwell International 
Rocky Flats  Plant  
P.O. Box 464 
Go1 den, CO 80402-0464 

RE: 8890-20915-9 
Date Samples Rec'd 11-1-85 
P.O. No. 48464P8 

REPORT OF ANALYSIS 

ALR Designation S po n so r P1 utoni  um239, 
Designation f counti ng error* 

PC1 /g 

8890-20915-9-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 

1-85-2 
1-8 5-4 
1-85-5 
1-8 5-6 
1-85-7 

1-85-11 
1-85-12 
81 ank  
Standard 

0.38 f: 0.19 

0.83 f 0.30 

0.62 f 0.22 

0.74 f: 0.28 
0.10 f 0.14 

-0.03 5 0.08 
1.2 f 0.3 

0.53 f 0.22 

1.1 f 0.3 

P1 utonium-239, 
dupl 1 ca t e ,  

2 counting error* 
pc1 /g  

0.53 2 0.24 
0.69 f 0.21 

1.1 2 0.2 
0.89 5 0.29 
0.43 f 0.18 

0.88 5 0.36 
-0.04 5 0.12 
0.05 ?1 0.10 
0.84 f: 0.24 

*Variability o f  the radioactive disintegration process (counting error) a t  
the 95% confidence level ,  I .96a. 
These samples are scheduled t o  be disposed o f  45 days a f t e r  the date of  this 
report. 

Radi ochemi stry 
Supervisor 
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Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge, Colorado 80033 
(303) 423-2766 

August 1, 1986 
Page 1 of 1 

M r .  Chuck I l l s l e y  
Rockwell International 
Rocky F lats  Plant 
P.O. Box 464 
Go1 den, CO 80402-0464 

RE: 8890-22394-12 
Date Samples Rec'd 7-28-86 
P.O. No. 6574600 

REPORT OF ANALYSIS 

ALR Designation Sponsor Des i gnat i on P1 utonium-239, 
f counting 

error*, pCi/g 

8890-22394-12-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

STP 1W3 A 

STP 1W3 B 

STP 1W3 C 

STP 1W3 D 

STP 2W3 A 

STP 2W3 B 

STP 2W3 C 

STP 2W3 D 

STP 2W3 E 

STP 2W3 F 

Blank 

Stand a r d 

0.96 f 0.19 

0.46 f 0.13 

0.51 f 0.17 

0.78 i 0.20 

0.56 2 0.15 

0.54 f 0.15 

0.46 f 0.14 

0.32 f 0.13 

0.60 f 0.16 

0.65 f 0.15 

0.00 f 0.07 

1.1 f 0.2 

P1 utonium-239, 
duplicate, 
f counting 

error*, pCi /I 

1.7 f 0.3 

0.34 f 0.13 

1.0 f 0.2 

0.85 f 0.17 

1.3 f 0.2 

0.52 f 0.15 

1.1 f 0.2 

0.48 f 0.14 

0.42 f 0.15 

-- 
-0 

-- 
*Var iabi l i ty  of the radioactive disintegration process (counting error) at  
the 95% confidence level, 1.96a. 
These samples are scheduled to be disposed of 45 days after the date of t h i s  
report. a&-- 

u ummers 

BS'dh dey 
Rad1 ochemi stry 
Supervi sor 
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REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND 
STATUS REPORT FOR PERIOD 

JANUARY 15, 1987 TO OCTOBER 15, 1987 

Introduction 
Figure 1 shows the location o f  lands designated fo r  remedial action as 
part o f  the 1984 settlement agreement. The settlement agreement ended 
l i t i ga t i on  with landowners involving the Rocky Flats  Plant and alleged 
impacts on land values proximate to  the plant. 

Since the Colorado Department o f  Health (CDH) was a party to the lawsuit, 
the CDH so i l  plutonium standard for construction act iv i t ies  i s  the 
standard used in the mitigation, Figure 2 shows the results  o f  sampling 
in the area for  the years 1977 and 1985. Note the areas that were above 
the CDH construction 1 i m i t  o f  0.9 pCi/g consistently through both sampling 
programs. One area i s  west of Mower Reservoir (Area A) and another i s  
from Indiana and the RFP East Access Road east 1 mile t o  the Section 7 
boundary (Area B). 
Colorado Department o f  Health (CDH) protocol and analyzed by independent 
laboratories. These are the two areas o f  interest fo r  the remedial action 

in Jefferson County. 

Sampling in both years was conducted according to  the 

Historical Summary o f  Actions Throush September 1, 1987. Area A - Four 
s t r ip s  approximately 1500 feet x 150 feet were ripped and plowed i n  June 
and July o f  1987. The s t r i p s  were separated by undisturbed str ips  o f  
ground approximately 150 feet wide (Figure 3 ) .  The total plowed area is 
approximately 20 acres. 
Sampling was conducted after the plowing and the results  are shown in  
pCi/g on Figure 3. The west end o f  s t r i p  number one sti l l  showed values 

higher than the CDH construction standard. 
July o f  1987. I t  w i l l  be re-sampled i n  October o f  1987. I f  the area 
f a i l s  t o  meet the CDH construction standard, it w i l l  again be re-plowed 

The plowed s t r ip s  have not yet been planted 

It  was plowed a second time in  



Area 8 - Approximately 100 acres were r i p p e d  and plowed i n  June and July 
of 1986. Figure 4 shows the configuration o f  the plowed and unplowed 
strips. Also shown on Figure 4 are the results o f  sampling conducted 
a f ter  the plowing was completed. A l l  areas that were plowed now meet the 
CDH construction standard. In late  F a l l  of 1986, native grasses were 
seeded i n t o  the area. 
vegetation had failed. In June o f  1987, the 100 acres were ripped again 
and sorghum was planted. 

In the Spring o f  1987, it was apparent that  the 

The sorghum i s  ta l l  and thickly growning. 

Proposed Actions 
Area A - There i s  no vegetation on the plowed strips other t h a n  a 
heal thy weed crop o f  cheat grass. Cheat grass or downey brome i s  an 
aggressive annual grass that invades disturbed areas and competes w i t h  
desirable species for water and nutrients. January and February are the 
driest months of the year and two o f  the most windy. A good vegetation 
cover i s  needed t o  prevent wind erosion. Winter wheat i s  the only 
vegetation that can be planted now that could provide cover i n  those 
months. Winter wheat must be planted as soon as possible. The area will 
be disked twice t o  control the cheatgrass and winter wheat planted the 
week o f  October 12. Mulch will be applied a t  a rate o f  2 tons per acre 
and crimped into the soil .  
str ips will be mechanically turned over or chemically treated t o  stop the 
wheat growth and t o  control weeds, and native grasses will be drilled 
The wheat growth must be stopped t o  prevent i t  from competing f o r  water 
and nutrients w i t h  the desired permanent vegetation. A mid-summer 1988 

weed control treatment may be necessary. 
plowed i n  the spring of 1989, a t  the earliest. The process o f  p l a n t i n g  
will be repeated w i t h  a completion date  o f  Summer 1990. 

In late  March or early A p r i l  o f  1988 the 

The intermediate strips will be 

Area B - The sorghum cover i s  doing very well, even on the rocky areas 
The week o f  October 12 will be used t o  spray Roundup t o  k i l l  the 
cheatgrass. 
grasses through the sorghum cover. The sorghum will protect the ground, 

b u t  will weather through the winter enough so t h a t  it will not  shade the  
grass seedlings i n  the spring. 
mid-summer o f  1988. 
of 1989 and the whole process repeated 

The week of October 26 will then be used t o  p l a n t  native 

Some weed control may be necessary i n  

The intermediate strips will be plowed i n  the s p r i n g  



The Soil Conservation Service has been consulted and concurs with the 
details of the plan. 

Departures froq Historical P1 ans 
Due to changing conditions caused by the difficulty in plowing the small 
rocky areas and the native grass seeding failure, some changes are 
warranted that require discussion with the Jefferson County Open Space and 
Administrative staffs. These are 1 isted below: 

1. Chemical weed control of cheatgrass will be necessary. Roundup will 
be sprayed under the sorghum cover or directly to weedy unseeded 
ground. This will reduce the tremendous cheatgrass cover and allow 
the perennial native to take hold. Roundup (isopropylamine salt of 
glyphosate) is an effective non-specific weed control agent which 
degrades quickly in the soil. 
control 1 ed si tuatrons by a 1 icensed appl icator with guidance from the 
manufacturer. The Rockwell project manager will discontinue 
operations if winds exceed 10 mph and if soil moisture is less than 
15%. 

It will be applied under strictly 

2. An experimental use o f  a rock rake will be attempted prior to seeding 
this fall. Rocks will be windrowed to one side of a plowed strip in a 
long fence-like pile. It is possible that other measures may be 
needed such as borrowing a suitable cover, screening rocks out, etc. 
A small area with a large rock content will also be experimentally 
hydroseeded to determine the capabilities of hydroseeding and 
hydromul ching . 

3 The Soil Conservation Service originally recommended that the present 
seed mix be used to reclaim these lands. The mix consists of 40% 
western wheatgrass, 40% sideoats grama, 10% pubescent wheatgrass and 
10% smooth brome. This recommendation was made to bring the land back 



to native grassland, which is the designated goal and use in the SCS 
management plans for the area. These grasses can be very difficult to 
grow and require several years before an effective cover can be 
establi shed. 

Sideoats grama may take years to grow into a major community 
component. 
to fill in the community that will be left to bare soil and weeds in 
the meantime. 

It makes up 40% of the seed mix. That leaves a large hole 

It is now recommended that the seed mix be altered to 40% Western 
wheatgrass, 4oX smooth brome, 10% pubescent wheatgrass and 10% 
sideoats grama. This will establish a quick cover that protects the 
so i l .  Smooth brome planted on the Coors gasline on the RFP site has 
done very well and has stabilized the soil. , 

The Soil Conservation Service has been consulted and concurs with the 
herbicide spraying recommendation. The SCS has also agreed to reconsider the 
seed mix composition with either agreement of Jefferson County or with a land 
use goal stated by Jefferson County that will be compatible with a revised 
seed mix. 
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FIGURE I. INDEX MAP SHOWING LOCATION OF PROGRAM AREA 
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REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND 
UPDATE FOR PERIOD JANUARY 1987 TO OCTOBER 1987 

I .  Section 18, west and southwest o f  Mower Reservoir - 20 acres. 

A. June 22 t o  July 31, 1987. Plowing and r i p p i n g  operations conducted on 
20 acres. Four strips 150 feet wide and 1500 feet long were plowed 
After init ial  activities, sampling showed t h a t  the west end o f  the 
northern strip remained above the CDH standard. The northern-most 
strip was plowed again. 

B. Week o f  October 12, 1987. The strips will be disked t o  destroy cheat 
grass growth and planted w i t h  winter wheat. Mulch will be added and 
crimped a t  a rate o f  2 tons/acre. This will stabilize the areas over 
the winter. 

C. Late March o r  A p r i l ,  1988. Strips will be mechanically turned over or 
chemically treated t o  stop wheat growth and seeded w i t h  native grasses. 

D. Mid-summer, 1988, chemical weed control will be investigated. 

E. I f  stand o f  grass i s  offering adequate s i t e  stabilization, the 
unplowed areas will be plowed, tested and planted w i t h  winter wheat. 
Fall 1988. 

11. Section 7 ,  south and southwest o f  Great Western Reservoir - 100 acres. 

A. June 12 t o  July 28, 1986. Ripping operations conducted. 

B. June 11, 1987. Areas re-ripped. Vegetation had failed. 
Sorghum was replanted and came up well. 



C. Week o f  October 19, 1987. 
appl i cat1 on. 

Cheat grass will be controlled with Roundup 

-_ 
0. Meek of October 26, 1987- Native grasses will be seeded through the 

sorghum cover. A1 ternative seeding practices will be investigated 
such as broadcast seeding, hydroseeding and a1 ternatives such as 
borrowing a suitable 6 inch cover soil to place on the rock will be 
evaluated, These alternatives will be investigated to determine the 
best way to reclaim the small areas of rocky, difficult lands and 
prevent erosion. 

E. Spring 1988, early April. An evaluation of probable seeding success 
will be made based on available moisture and indications of sprouting. 
If necessary, a second spring seeding will be conducted. 

F. Mid-sumer 1988 weed control may be necessary. Seeding success will 
be evaluated. If revegetation is successful, the intervening strips 
will be plowed, 



REMEDIAL A C T I O N  A I R  SAMPLING RESULTS - 1987 

08-5 UL-8 7 
09-JUL-87 
09-JUL-87 

14-JUL-87 
15-JUL-87 
15-JUL-87 
16-JUL-87 
16-JUL-87 
17-JUL-87 
17-JUL-87 
20-JUL-87 
20-JUL-87 
21-JUL-87 
21-JUL-87 
22-JUL-87 
22-JUL-87 
23-JUL-87 
24-JUL-87 
24-JUL-87 
27-JUL-87 
27-JUL-87 
28-JUL-87 
28-JUL-87 
29-JUL-87 
29-JUL-87 

31-JUL-87 
03-AUG-8 7 
03-AUG-87 

23-JUN-87 A 
23-JUN-87 B 
24-JUN-87 A 
24-JUN-87 B 
25-JUN-87 A 
25-JUN-87 B 
26-JUN-87 A 
26-JUN-87 B 
27-JUN-87 A 
27-JUN-87 B 
01-JUL-87 A 
01-JUL-87 B 
02-JUL-87 B 
03-JUL-87 A 
03-JUL-87 B 
07-JUL-87 A 
07-JUL-87 B 
08-JUL-87 A 
08-JUL-87 B 
09-JUL-87 A 
09-JUL-87 B 
10-JUL-87 A 
10-JUL-87 B 
14-JUL-87 A 
14-JUL-87 B 
15-JUL-87 A 
15-JUL-87 B 
16-JUL-87 A 
16-JUL-87 B 
17-JUL-87 A 
17-JUL-87 B 
18-JUL-87 A 
18-JUL-87 B 
21-JUL-87 A 
21-JUL-87 B 
22-JUL-87 A 
22-JUL-87 B 
23-JUL-87 A 
23-JUL-87 B 
24-JUL-87 B 
25-JUL-87 A 
25-JUL-87 B 
28-JUL-87 A 
28-JUL-87 B 
29-JUL-87 A 
29-JUL-87 B 
30-JUL-87 A 
30-JUL-87 B 
31-JUL-87 A 
31-JUL-87 B 
01-AUG-87 A 
01-AUG-87 B 
04-AUG-87 A 
04-AUG-87 8 

1627 
1627 
1605 
1622 
1528 
1593 
1721  
1712 
1825 
1825 
1627 
1644 
1627 
1579 
1627 
1729 
1735 
1559 
1559 
1672 
1683 
1644 
1616 
1661  
1638 
1571  
1582 
1655 
1672 
1526 
1593 
1509 
1497 
1706 
1695 
1548 
1554 
1622 
1610 
1723 
1328 
1367 
1678 
1635 
1559 
1633  
1644 
1650 
1644 
1633 
1559 
1565 
1678 
1672 

0.000088 
0.000197 
0.000028 
0.000038 
0 .000001  
0.000161 
0.000073 
0.000044 
0.000003 
0.000006 
0.000009 
0.000038 
0.000000 

-0.000006 
0.0000 11 

-0.000002 
-0.000019 
0.000062 

-0.000025 
0.000057 
0.000198 
0.000001 
0.000074 
0.000063 
0.000031 
0.000040 
0.000001 
0.000014 
0.000008 

-0.000010 
0.000130 

-0.000005 
-0  . 0000 13 
0.000003 
0 . 00003 1 
0.000005 
0.000021 

-0.000010 
-0.000003 
-0.000003 
-0.000032 
0.000015 
0.000024 

-0 . 000013 
0.000017 
0.000001 

-0.000003 
-0.000005 

-0.000018 
-0.000028 
-0 . 0000 12  
0.000013 
0.000022 

0.000117 

0.000042 
0.000057 
0.000039 
0.000038 
0.000040 
0.000049 
0.000039 
0.000039 
0.000033 
0.000040 
0.000038 
0.000076 
0.000038 
0.000039 
0.000038 
0.000032 
0.000034 
0.000043 
0.000039 
0.000039 
0.000053 
0.000037 
0.000041 
0.000040 
0.000038 
0.000041 
0.000039 
0.000038 
0.000037 
0.000040 
0.000045 
0.000041 
0.000041 
0.000036 
0.000038 
0.000041 
0.000041 
0.000037 
0.000038 
O .hO033  
0.000044 
0.000045 
0.000038 
0.000037 
0.000040 
0.000037 
0.000037 
0.000037 
0.000044 
0 . 000036 
0.000028 
0.000038 
0.000037 
0.000038 
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REMEDIAL ACTION AIR SAMPLING RESULTS - 1987 

DATE 

CJV-AUG-87 
04-AUG-87 
05-AUG-87 
06-AUG-87 
06 -AUG-8 7 
2 0 - A Uk - 8 7 
20 -AlfG-8 7 
2 1 -AUG-87 
2 1 -AUG-87 
04-NOV-87 
04-NOV-87 
04- NOV-87 
05-NOV-87 
05-NOV-87 
06-NOV-87 
06-NOV-87 
06-NOV-87 
06-NOV-87 
06-NOV-87 
09-NOV-87 
09-NOV-87 
09-NOV-87 
09-NOV-87 

YOV-87 
A NOV-87 
13-NOV-87 
13-NOV-87 
14-NOV-87 
14-NOV-87 
14-NOV-87 
14-NOV-87 
14- NOV-87 
23-NOV-87 
23-NOV-87 
23-NOV-87 
23-NOV-87 
23-NOV-87 
04-DEC-87 
04-DEC-87 

DATE SAMPLER VOLUME POINT EST. + / -  ERROR 
OFF m3 pCi/m3 p C i  /m3 

05-AUG-87 A 1525 0.00001 1 0.00004 1 
05-AUG-87 B 1531 -0.000015 0.000039 
06-AUG-87 A 1661 -0.000012 0.000037 
07-AUG-87 A 1729 0.000439 0.000065 
07-AUG-87 B 1644 0.000030 0.000038 
21-AUG-87 A 1548 0.000340 0.000064 
21-AUG-87 B 1571 0.000390 0.000068 
22-AUG-87 A 1458 0.000009 0.000041 
22-AUG-87 B 1458 0.009778 0.001607 
04-NOV-87 A 1639 0.000007 0.000043 
04-NOV-87 A 1639 0,000007 0.000043 
04-NOV-87 C 1663 0.000086 0.000044 
05-NOV-87 A 1644 -0.000003 0.000036 
05-NOV-87 C 1651 0.000064 0.000044 
08-NOV-87 A 489 1 0.00001 1 0.000015 
08-NOV-87 B 4824 0.000000 0.000014 
08-NOV-87 C 4806 0,000035 0,000016 
08-NOV-87 D 4827 0 . 000013 0,00001 5 
08-NOV-87 E 4039 -0.000008 0.000016 
13-NOV-87 A 6404 0.000000 0.000011 
09-NOV-83 B 1709 0.000007 0.000041 
14-NOV-87 C 8116 0 . 0000 15 0.000009 
11-NOV-87 D 4936 0.000018 0.000015 
10-NOV-87 E 3263 0.000008 0.000021 
12-NOV-87 D 1584 0.000072 0,000046 
13-NOV-87 B 1542 -0.000007 0.000044 
13-NOV-87 D 1514 0.000105 0.000155 
13-NOV-87 E 1510 0.000000 0.000046 
14-NOV-87 A 1752 0.000044 0 . 00004 1 
14-NOV-87 B 3367 -0.000001 0.000020 
14-NOV-87 C 1758 -0,000010 0.000039 
14-NOV-87 D 3362 -0.000008 0.000021 
14-NOV-87 E 3366 -0.000007 0.000020 
23-NOV-87 A 3581 0.000001 0.000020 
23-NOV-87 B 1639 -0.000018 0.000042 
23-NOV-87 C 3576 0.000013 0 . 00002 1 
23-NOV-87 D 1639 -0.000019 0.000042 
23-NOV-87 E 1639 -0.000015 0.000042 
04-DEC-87 A 542 -0.000041 0.000127 
04-DEC-87 C 559 0.000020 O.bO0125 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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STATUS OF REMEDIAL ACTION 
ON JEFFERSON COUNTY LANDS 
EAST OF INDIANA STREET 

NOVMBER, 1987 TO NOVEMBER, 1988 

This report summarizes the actions that have occurred on the 
remedial action lands east o f  Indiana Street adjacent to the 
Rocky F l a t s  Plant. 
The l a s t  update presented to Jefferson County was i n  November o f  
1987 

These lands are owned by Jefferson County 

Subsequent to the plowing act i v i ty  i n  the area immediately t o  the 
west of Mower Reservoir i n  Section 18, sampling indicated that 
the plutonium l e ve l s  i n  the so i l  remained above the standard o f  
0 9 picocuries per gram o f  s o i l  The area was plowed a second 
time and sampled again The results  were not yet available f o r  
the November 1987 update document. The sample resu l t s  were 0 04 
+ 0 13 pCi/g and 0 00 This 
indicates that plowing the second time was successful i n  reducing 
the plutonium concentrations below the standard, and revegetation 
ac t i v i t i e s  could begin. 

0 13 pCi/g f o r  duplicate analys is  

SOUTH AREA ACTIVITIES (WEST OF M E R  RESERVOIR, SECTIOn 18) 

FALL, 1987 

I n  order to reduce competition from weed species, primarily cheat 
grass, the plowed s t r i p s  were disced in ear l y  November t o  k i l l  
the weeds. This was i n  anticipation o f  a spring seeding o f  
native grasses.  Removing the weedy species would g i ve  the 
planted native grasses a better chance o f  successful growth i n  
the spring. To reduce mr eliminate any wind or  water erosion 
from the surface, 1) the surface was l e f t  in  a roughened state: 
2)  winter wheat was planted at approximately 20 pounds o f  seed 
per acre, and 3) a native g ras s  hay mulch was placed onto the 
surface at a r a te  o f  2 tons per acre and crimped into the s o i l  
with a d i s c  with crimper blades This was a l l  completed i n  early 
December 

WINTER, 198f-1988 

Inspections were conducted during the winter months to detect any 
erosion ea r l y  and perform any necessary erosion control work. 
The inspections revealed that 1 i t t l e  if any erosion was occurring 
and the snow downwind o f  the area was clean, even after heating 
o f  the s o i l  had exposed the mulched area 

SPRING, 1988 

Seeding o f  the area was begun toward the end o f  Ap r i l ,  and 



completed Apri l  25 The native grass seed was planted through 
the ex i s t ing  cover o f  weeds without disturbing the surface to any 
great extent. A s ignif icant amount of natural vegetation not 
k i l l e d  by the plowing i s  recovering This w i l l  greatly increase 
the d iver s i ty  o f  the revegetated surface 

SUMMER, FALL, 1988 

The summer and f a l l  months a t  the project s i t e  were extremely 
dry Normal thunderstorm ac t i v i t y  contributed very 11 t t le  
precipitation The seeds have not sprouted, f o r  the most part 
A s i t e  v i s i t  with M r  Gary Finstad of the U.S So i l  Conservation 
Service on October 17th, 1988 revealed that most o f  the seed i s  
l y i n g  dormant in the s o i l .  A winter of precipitat ion should 
produce a good crop of native grass  i n  the spring. Erosion 
protection i s  being provided by the winter wheat that did 
germinate and a continuous cover of annual and perennial weeds 

NORTH AREA (SOUTH OF GREAT YESTERN RESERVOIR, SECTION 7) 

FALL, 1987 

The plowed s t r i p s  in the north area were sprayed with Roundup 
herbicide during the f irst two weeks i n  November. This  was to 
reduce the competition caused by weeds, pr imari ly  cheat grass, YW<\ - 
with the native grasses. The control was very successful. 
Roundup was used because it  i s  a safe, ea s i l y  used herbicide with 
a very short residence time i n  the s o i l .  Erosion protection fo r  
the winter months was provided by the tough, f a i r l y  t a l l  s ta lk s  
o f  the sorghum cover that had been planted previously 

WINTER, 1987-1988 

Periodic inspections during the winter were conducted to  find and 
correct any erosion problems that might be occurring. Erosion 
was not a problem, although p ra i r i e  dogs continue to increase i n  
numbers and threaten to  compromise revegetation e f fo r t s  i n  some 
areas 

SPRING, 1988 

Seeding was started during the first part o f  Apri l  and was 
completed on the 15th. The seeding was done through the 
remain ing  s tand ing  dead vegetation which had weathered 
su f f i c ient l y  during the winter so as not t o  hinder the seeding 
equipment. 

SUMMER, FALL, 1988 

As discussed above f o r  the south area, the sumner was very dry 
and very l i t t l e  o f  the seed germinated over the sumer.  I t  i s  
l y i n g  dormant and more success w i l l  be seen i n  the spr ing o f  
1989. Erosion protection i s  being provided by annual and 
perennial weeds, rock, and the remaining sorghum skeletons. 



FUNRE P w ( s  FOR NORTH AND AREAS 

Monitoring for both erosion control and vegetation success are 
planned for the winter of 1988-1989, and spring/summer 1989. 
Pending the outcome o f  the spring germination and summer growth 
o f  grasses, the next possible time to begin plowing the 
intermediate strips in the areas will be fall of 1989, although 
it might be advisable to wait until spring o f  1990. 

Other activities that will be started will be some experimental 
work with hydromulching and hydroseeding for the exceptionally 
rocky areas. Prior to any startup o f  these activities, Jefferson 
County will be notified, and asked for approval of any plans for 
these practices 
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STATUS OF REMEDIAL ACTION PROGRAM ON 
JEFFERSON COUNTY OPEN SPACE LAND 

JANUARY 1989 TO AUGUST 1989 

INTRODUCTION 

This report summarizes the actions that have occurred on the 
remedial action lands east of Indiana Street adlacent to the Rocky 
Flats Plant. The last 
update presented to Jefferson County was in November of 1988. 

These lands are owned by Jefferson County. 

SOUTH AREA ACTIVITIES - 20  ACRES 
WEST OF MOWER RESERVOIR, SECTION 18 

SPRING, 1987 

Plowing and ripping operations were conducted on 20 acres in June 
and July Four strips, 150 feet wide and 1500 feet long, were 
plowed Sampling showed that the west end of the northern strip 
remained above the CDH standard. The northern strip was plowed a 
second time in July. This strip was sampled in September and 
results were below the CDH standard, so revegetation activities 
could proceed. 

FALL, 1987 

The plowed strips were disked in early November to kill the 
competitive weed species, primarily cheatgrass. To reduce or 
eliminate any wind or water erosion the surface was left in a 
roughened state, winter wheat was planted at approximately 20 
pounds of seed per acre and a native grass hay mulch was crimped , 
into the soil at a rate of 2 tons per acre. This work was 
completed in early December. 

WINTER, 1987 I 

Inspections of the area revealed that little if any erosion was 
occurring. The snow downwind o f  the area was clean, even after 
solar heating of the soil had exposed the mulched area. 

SPRING, 1988 

The native grass seed was planted in April through the existing 
cover of weeds without disturbing the surface to any great extent. 
A significant amount of natural vegetation that was not killed by 
the plowing was recovering and would increase the diversity of the 
revegetated surface. 

FALL, 1988 

The summer and fall months at the project site were extremely dry. 
A site visit with Mr. Gary Finstad of the U.S. Soil Conserration 
Service on October 17th, 1988 revealed that most of the seed is l 



lying dormant in the soil. Winter precipitation was expected to 
produce a good crop of native grass in the spring. Erosion 
protection consisted of the winter wheat that did germinate and a 
continuous cover of annual and perennial weeds. 

SUMMER, 1989 

A site visit with Mr. Gay Finstad of the U.S. Soil Conservation 
Service on July 24, 1989 revealed growth varying from good to poor. 
There is much musk thistle, bindweed and cheatgrass infestation. 
Recommendations were: 1) Leave areas with good grass establishment 
alone until next season, then control weeds and encourage 
vegetative reproduction by mowing. 2 )  Areas with marginal growth 
may show improvement in October due to cool season grasses. If 
growth i s  good, treat as no 1 above, otherwise treat as no. 3 
below. 3)  Interseed into existing cover on or about November 1, 
1989. Areas with cheatgrass infestation may be treated with 
herbicide (Roundup), but any herbicide effective on cheatgrass will 
also kill the desirable grasses. Bindweed can be eliminated with 
herbicide (Banvel). Timely mowing of musk thistle can be an 
effective control. 

NORTH AREA - 100  ACRES 
SOUTH O F  GREAT WESTERN RESERVOIR, SECTION 7 

SPRING, 1986 

Approximately 100 acres were ripped and plowed in June and July . 
All areas that were plowed were sampled and meet the CDH standard. 

FALL, 1986 

Native grasses were seeded into the area. 

S P R I N G ,  1987 

Inspections showed the vegetation had failed. Failure was 
attributed to the high rock content. In June , the 100 acres were 
ripped again and sterile sorghum was planted. 

FALL, 1987 

The sorghum cover was doing very well, even on the rocky areas. 
The plowed strips were sprayed with Roundup herbicide during the 
first two weeks in November. This successfully controlled 
competition from weeds, primarily cheatgrass. Erosion protection 
for the winter months consisted of the stalks of sorghum. 

WINTER, 1987-1988 

Inspections showed erosion was not a problem. Prairie dogs were 
noticed to be increasing in numbers. Prairie dogs can compromise 
revegetation efforts. 



SPRING, 1988 

Native grasses were seeded through the sorghum cover in April. 

FALL, 1988 

The summer was very dry and very little seed germinated over the 
summer. Winter precipitation was expected to produce more success 
in 1989. Erosion protection was provided by annual perennial 
weeds, rocks, and the remaining sorghum skeletons. 

SUMMER, 1989 

A site visit with Mr. Gary Finstad of the U.S. Soil Conservation 
Service on July 2 4 ,  1989 revealed that the southernmost strips 
showed good grass establishment. Some areas are very spotty and 
only marginally successful. The predominately rocky areas are 
showing few, if any, signs of grass and will need to be reseeded. 
Erosion control consists of native weed cover and rock. 
Recommendations were:l) Leave areas with good grass establishment 
alone until next season, then control weeds and encourage 
vegetative reproduction by mowing. 2 )  Areas with marginal growth 
may show improvement in October due to cool season grasses. If 
growth is good, treat as no. 1 above, otherwise treat as no. 3 
below. 3 )  Interseed into existing cover on or about November 1, 
1989. Areas with cheatgrass infestation may be treated with 
herbiclde (Roundup), but any herbiclde effective on cheatgrass will 
also kill the desirable grasses. Bindweed can be eliminated with 
herbicide (Banvel) . 
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Smooth Brome Lincoln I,C,S 
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4 G  3 5  

10 1 4  

10 1 3  
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TOTALS 100s 12 7 

l'These varieties were developed f o r  conservaticn uses, they have superior vigor 
and production potential. They are zvzi lable local ly--ACCEPT NO SU3STITUTES. 
We recommend that certlfied seed be purchased; this is a guarantee o f  species 
and va r i e t a l  p u r i t y .  
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Z'Characteristics- N = nrtive, I = introduced, not indigenous to thls area, 
C = cool season (begins growth and makes seed in s3ring t o  early summer, with 
some regrowth in the fall), W = warm seascn (besins growth and makes seed in wzrm 
sumiier months); S = sod forner; B = bunch grzss. 
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in 2 bag-or l'dt of-seed, check the seed tag: X Purity x 7 Eerninttion 
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If 2 bzg of western whet:yrss hzs 90% purity a?d 80% g?rmination, we have 

If we want to seed 16 lb PLSlacre, and our DLS is 72Y. we need to seed bulk seed 
at a rzte of l6  = 22.2 'b/zcre. -77 



JEFFERSON COUNTY REMEDIAL ACTION LANDS 

1989 REMEDIATION STATUS 
AND 

ACTIONS FOR 1990 

EXECUTIVE SUMMARY 

The fourth growing season of the remediation effort ended this past autumn 
Weeds dominate the panorama of the remedial action lands Approximately 90% of 
the plowed-reseeded lands have no seeded grass cover The poor outcome o f  the 
reseeding effort appears very related to 

1) ineffective amounts and/or seasonal distribution of precipitation, 
2) extremely rocky surfaces or clayey soils, 
3) an expanding prairie dog population 

Most of the successfully seeded and established portions (10%) of the remedial 
action lands have produced a substantial stand of grasses These areas also bear 
many weeds but should adequately suppress this weed onslaught I 

Prairie dogs have devastated much of the vegetal cover of the remediation lands, 
including both the plowed, seeded strips and the alternating strips of unplowed 
prairie Prairie dog control must occur in order to stabilize soils 

I 

I 

P1 anned act i ons i ncl ude 

1) low and no tillage methods of reseeding, 
2) irrigation for seedling establishment, 
3) enduring weed suppression and control through mowing and herbicidal 

4) prairie dog suppression and control with physical and/or toxicogenic I 
methods, 

met hods 
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INTRODUCTION 

This report concludes the fourth growing season since remedial activities were 
initiated on these lands, it summarizes both the 1989 land status and 1990 
pl anned remedi a1 act i ons . 
The goal of the remediation effort is 

1) soil mixing to reduce surface concentrations of plutonium of the Subject 
land to bring them into compliance with CDH guidelines of 2 d/m/g 
( 9 pCi/g) of dry soil, and 

2) revegetation to stabilize the soils with a sustainable, reproducing 
vegetation (one that would evolve towards a native grassland) 

No remedial activities occurred on these lands this past growing season due to 
a temporary void in the RFP position of the soils-range scientist The position 
was filled in mid-September, after which the evaluation of land status was 
performed During separate occasions, outside professional critiques were 
solicited from Gary Finstad of the USDA Soil Conservation Service, Wayne Woods 
of Vegetation Services and Frar,K Kunze of Jefferson County Open Space 

ECOLOGICAL AND MANAGERIAL STATUS OBSERVATIONS 

During 1989, the remedial action lands existed in a state of weed infestation 
with a fair, but unreliable stabilization of soils Figure 1 illustrates the 
managerial status of these lands. 

Tall weeds such as Canadian, Russian and musk thistles as well as mustards 
dominate the plowed, reseeded lands The substratum is dominated by shorter 
weeds such as bindweed and cheatgrass (downy brome) Weeds are the sole vegetal 
cover of approximately 90% of the reseeded lands. 

Only 10% of the reseeded areas have a fair to excellent establishment of grasses. 
Despite a co-existing weed component in these areas, most of the grasses appear 
well enough established and to have the competitive advantage over the weeds for 
control of resources. 

Local ized surface accumulations of rocks (cobbles) occur over approximately 30% 
of the reseeded land The majority of these cobbles surfaced during tillage and 
in some cases impose nearly a 90 percent surface coverage These areas have a 
vegetal cover of weeds with no apparent seeded grasses 

A prairie dog infestation impacts approximately 60% and 30% of the northern and 
southern remediation lands, respectively These percentages are inclusive of 
both the plowed,seeded lands and the unplowed lands (alternating strips of land 
that currently are planned to be plowed) Consequently, some of the unplowed 
lands exist in a stressed prairie/weed vegetation or pasture/weed vegetation. 
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Where burrow density is greatest (about 20% of reseeded lands), the prairie dog 
impact to the landscape environment is of particular severity and interest 
Here, with relatively minimal wind protection, are soil materials that once were 
purposely plowed under and now have been brought back to the surface around 
burrows, while between the burrows are vegetationally denuded soil s These 
barren soils are exposed to wind and water erosion 

SEEDING RESULTS ANALYSIS 

Based on the above observations and precipitation records, the poor seeding 
and/or plant establi shment results apparently can be attributed to at 1 east three 
fact or s 

1) Lack of effective amounts of precipitation and soil moisture Relative 
to the clayey and rocky soils, effective amounts of precipitation 
simply were not distributed over each year's growing season to coincide 
with timing of seed and/or seedl ing physiological demand Winter and 
spring recharge of soil moisture apparently was inadequate some years 
for either germination or seedl ing requirements 

2) Extremely rocky surface The rocks impeded placement and coverage 
of the fine seeds during the seeding operations 

3) Prairie dog infestation. The demise of any successfully emerged 
seedling is very predictable due to its palatability to the prairie 
dogs. In addition to their herbivory and burrowing habits, the rodent 
keeps a mowed vegetation as its visual defense against ground and aerial 
predators Their activities promote soil destabilization High 
actizi ty areasz surround individual burrows with barren soils (areas of 
25ft to 200ft per burrow), while further out persistent and heavy 
grazing has eliminated grasses to favor a suppressed weed population 

The successfully seeded and established areas had little or no prairie dog 
activity Otherwise, the 10% seeding success in the northern remediation lands 
appears very related to the factor of topography, which translates into the 
maintenance of favorable amounts of soil moisture More specifically, the small 
areas o f  success occurred only on upland terrain that either was nearly level 
or sloping to the north (a NW to NE arc). These sites have a diminished 
evaporation rate of soil moisture relative to the hotter and drier south facing 
slopes 

Factors contributing to the 10% seeding success in the southern remediation lands 
were not apparent other than the possibility of pockets of deep and/or loamy 
soils 
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1990 ACTIONS 

In light of the above observations and analyses, management of the remedial 
action program will be intensified. The following action components will occur 
during 1990 in order establish and nurture a desired vegetation and stable soil 

A Action Components 

1) Change of seed mix Through seeding evaluations and discussions with 
Gary Finstad and others, the following seed mix will be used for seeding 
operations during 1990 It is not substantially different from the 
original seed mix As additional information is gleaned from results of 
remediation methods and procedures, i t should be expected that subsequent 
requests for seed mix changes may be forthcoming. 

Soeci es 

Western wheatgrass 
(Agropyron smi thi 1) 

Percent of Mix 
Vari etv ol d new 

arri ba 40 40 

Sideoats grama Vaughn 40 25 
(Boutel oua curti pendul a) 

Blue grama 0 15 
(Bouteloua gracilis) 

. 

Pubescent wheatgrass Luna 
(Agropyron tri chophorum) 

10 10 

Smooth brome 
(Bromus i nermi s) 

Li ncol n 10 10 

2) Prairie dog suppression and control Approximately 100 acres are 
currently impacted by prairie dogs, perhaps 30 acres are critically 
impacted Without controls or limits, prairie dog acreages tend to expand 
20% to 30% per year Thus, 80% of the northern remediation lands likely 
would be impacted by the end of the next growing season, 1990 

An effective control implies eliminating more than 80% o f  a prairie dog 
colony, otherwise the first annual reproduction i s  absorbed by the colony 
and brings the population back to 100% (Normally when reproduction cannot 
be absorbed into the colony, pups will migrate to adjacent areas) 

Live trapping and transplanting prairie dogs is discouraged by the Colorado 
Division of Wildlife. It is expensive and inefficient. More than half 
of transplanted prairie dogs die or are killed by predators during the 
first week unless expensive set-up efforts are performed Late winter and 
early spring prior to pups being born is the best time for trapping. 
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A grain applied toxicant (zinc phosphide) is available and regulated by 
the EPA However, it is only 85% to 90% effective and a return to 100% 
of the population can occur in just three years The grain may impart a 
non-target kill, particularly birds July 15 through November 15 are the 
effective use dates o f  this product 

An aluminum phosphide fumigation, regulated by the €PA, results in 95% to 
98% reduction in prairie dogs Since burrows are sealed, fleas which 
transmit bubonic plague become entrapped in holes There is no residual 
poison on soils, vegetation or poisoned rodents (in fact, coyotes and foxes 
commonly dig out some of the carcasses and consume them) A non-target 
kill may occur in the burrows April 1 through October 15 are the 
effective use dates of this product 

The most efficient approach to the arrest and control of the prairie dog 
infestation is fumigation The procedure will be administer by a licensed 
pest control company The prerequisite of a bl ack-footed ferret 
reconnaissance or search will be complied with prior to the fumigation 
act i on. 

3) Weed suppression and control A program of herbicide spraying and 
mowing will be implemented this spring and summer to control the weed 
infestation and reduce any fire hazard such as might be created by downy 
brome (cheat grass) Appl i ed herbicides wi 1 1  i ncl ude only those approved 
by RFP, all of which have short term residuals. 

4) Seed bed preparation Tillage will not only provide a suitable seed 
bed in areas of least rockiness, but also may provide some control of 
certain weed species Other than a possible herbicide treatment, the 
rocky areas will receive no pre-seeding treatment and seeding should occur 
with a hydroseeder Any tillage of rocky areas may serve mostly to bring 
an even greater percentage of rocks to the surface while allowing fine soil 
materials to settle still further below the surface, thus, reducing both 
the effective area and a1 ready poor qual i ty of seed bed 

* 

5) Seeding Two weeks subsequent to herbicide treatment of rocky areas, 
the seed mix will be hydroseeded (mid May at latest) On areas of least 
rockiness, a cover crop of forage sorghum will be drill seeded immediately 
following any tillage during late spring, then during late autumn 
interseeding of the seed mix will occur within the standing sorghum 

6) Mulching. Mulching will include a crimped or tackified straw mulch 
and a hydromulch, only the one most appropriate for site conditions to be 
used after each seeding operation 

7) Irrigation The potentiality of another partial or season long dry 
spell must be reckoned with in order to have the greatest probability 
for success The experiences of the past four seasons have shown moisture 
to be the most limiting factor of success. Subsequent to a successful 
seed germination, plant establishment can fail due to lack of effective 
soil moisture during critical periods A single or dual truck spray 
irrigation system will be implemented this summer to meet the demands of 
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the seeded vegetation The tanker truck will have a 4000 gallon capacity 
with a pump and top-mounted water gun. Source of supplemental water would 
be Pond C-2 or RFP domestic supply With effective amounts of natural 
precipitation, supplemental watering would not be required 

B ACTION IMPLEMENTATION CHRONOLOGY 

1. SPRING 1990 

PART1 ES Jefferson County Officials 
ACTION 1. Respond to any proposed act i on, part i cul arl y regardi ng 

herbicide spraying, prairie dog suppression and seed mix 
changes 

PARTY Remed i at i on Coord i nator 
ACTION 2. Eva1 uate responses and accordingly arrange any contracts 

for herbicide spraying and prairie dog suppression and 
order seed mix. 

DATE 

2 SDrins 1990 

PARTY 
ACTION 1. 

DATE DUE 

PARTY 
ACTION 2 

DUE DATE 

PARTY 
ACTION 3 

DATES DUE 

Arrange contracts for tilling, seeding and mulching and 
1 easi ng equi pment . 
Spring 1990 

Contractors 
With appropriate consultations, apply herbicide to 
suppress cheatgrass and emerging broadleaf plants on 
lands to be reseeded. If necessary and similarly 
approved, apply broadleaf herbicide to the 10% 
successfully seeded and established areas in order to 
reduce any aggressive weed compet i t 1 on 
Mid to late spring 

Contractors. 
Depending upon time since herbicide application, 
hydroseed the rocky areas with seed mix and cover with 
hydromulch Till and seed forage sorghum on non-rocky 
areas. Mulch with straw and secure with tackifier or 
crimper 
Late Apri 1 through mid-June 

Remediation Coordinator or contractor 
Irrigate when necessary for appropriate germination i f 
natural precipitation fai 1 s to occur 
April through mid-June 
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3 Summer 1990 

PARTY Remediation Coordinator 
ACTION 1 

DATES DUE Duration of summer 

Closely monitor reseeded areas for necessary irrigation, 
weed control, fertilization and soil erosion 
Accord1 ngly, activate necessary contractor or personnel 

4 Autumn 1990 

PARTY Remediation Coordinator 
ACTION 1 

DATE DUE Early autumn 

Closely monitor reseeded areas for necessary irrigation, 
weed control and soil erosion. Accordingly, activate 
necessary contractors or personnel 

PARTY Contractor 
ACTION 2. Interseed forage sorghum areas with the seed mix and 

follow with mulch that is well secured and able to 
withstand the winds of winter and early spring 

DATE DUE. Early November 

5 1991 
PARTY Remediation Coordinator. 
ACTION : Monitor all aspects and status of remediation lands 

DATE DUE. Year round. 

Accordingly, respond and treat as described above or in 
another appropriate manner 
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JEFFERSON COUNTY REMEDIAL ACTION LANDS 
ANNUAL REPORT JANUARY 1991 

This report summarizes the current status and land management activities planned for 1991 on 
Jefferson County remediation land The March 1990 report proposed a program of remedial 
actions for the 1990 growing season but those activities were not carried out, for the most 
part, due to personnel changes at Rocky Flats Plant (RFP) RFP is concerned about this break 
in activities and has assigned a full time manager to the offsite areas with specific interest in 
revegetation Michael Guillaume of EG&G is the manager of the offsite areas and can be reached 
at the plant site at 966-4291 With the specific goal of revegetation, the actions proposed for 
1991 are similar to the 1990 proposal except for a change in amount of land area requiring 
revegetation work Due to the successful growing season in 1990, the area requiring new 
seeding is 40% smaller 

The goals of the remediation program are 

1) Reduce the surface plutonium concentrations to below the Colorado Department of 
Health (CDH) plutonium-in-soil construction standard of 0 9 pCdg by tilling 
the soil, and 

2) Revegetate the resulting disturbed soil to stabilize with a perennial, self- 
sustaining grass cover 

I Soil samples were taken from the tilled and untilled strips in January 1991 The CDH Radiation 
Control Division was consulted on the soil sampling methodology The soil samples will be 
analyzed for plutonium and americium The previous soil samples taken in 1986 and 1987 do 
not follow current quality assurance protocols, thus new samples to confirm the reduction of 
soil plutonium by tilling are needed A significant change in the analysis results from the 
earlier data is not expected The lab results will be sent to Jefferson County as soon as they are 
available 

RFP has monitored the Jefferson County remediation land since the 1988 seeding activity Data 
from 1989 and 1990 show the remedial action lands were protected from wind and water 
erosion by a fair-to-good vegetative ground cover Figure 1 presents a photograph taken 
October 1990 comparing the native vegetation with the remediated vegetation The percentage 
of grass versus weed cover is highly variable on the site Some areas are completely dominated 
by seeded grasses and others are completely dominated by weeds The vegetatton shown in Fgure 
1 is representative of the cover The vegetative ground cover is sufficient to stabilize the soil 
and minimize soil erosion Gary Finstad of the Soil Conservation Service concluded the area of 
successful revegetation increased significantly during the 1990 growing season The intended 
result of the 1991 land management program is to increase the area and productivity of 
perennial grasses and diminish competition from weedy species 

The objective of revegetation is to speed natural processes of vegetation establishment by 
encouraging desirable permanent plant species and discouraging weedy species By the natural 

I 
i 



process of revegetation, weedy species are generally the first plants to invade disturbed sites 
As the weeds modify the immediate environment they allow other more permanent plants to 
invade and replace the weeds The disturbed site thus evolves over time into a self-sustaining 
plant community Weeds are not a dependable plant cover as many are annuals and hlghly 
dependent on precipitation 

The increase in revegetated species may be explained by the above average spnng rainfall that 
was received in 1990 The Boulder station of the National Oceanic and Atmospheric 
Administration reported 4 4 inches of moisture in March 1990 compared with an average of 
1 8 inches during March 1987-89 

Along with the overall increase in perennial plant cover, each species in the seed mix is found 
on the remediation lands Increasing the number of indwidual species generally enhances the 
stability of a plant community 

a 

The prairie dog population continues to interfere with plant growth on the tilled strips as well 
as the untilled native grass strips In addition to grazing, the prairie dogs remove standing 
vegetation from around their burrows for a line-of-site protection from predators The 
population seems to be increasing on the remediation lands as well as other adjacent areas 

A successful revegetation program on the Jefferson County remediation lands must consder the 
following factors 

1) Precipitation during seedling establishment has been sporadic Precipitation 
records show inconsistent moisture in years prior to 1990 A mature plant 
community can adjust to perlods of low moisture but new seedlings require 
consistent moisture until they become establrshed 

2) Sufficient time to evaluate revegetation success has not been used in the past 
The growth pattern of many seeded plant species, particularly the native species, 
does not produce a visibly significant plant growth for several years Plants adapted 
to dry environments produce extensive below ground plant mass with limited above 
ground production when very young This growth pattern results in maximum 
moisture collecting ability through the roots while minimizing moisture loss 
through leaf surfaces After securing a dependable moisture supply, the plant 
increases above ground production Measuring revegetation success after only two 
years may not allow sufficient time for effectlve evaluation 

3) Figure 2 presents a photograph taken during 1986 showing the extent of rocks 
brought to the surface during the initial tilling operation Tilling brings many rocks 
to the surface which now interfere with the revegetation effort The seed drill cannot 
operate properly in rocky soil The intimate contact required between seed and soil 
cannot be made without the presence of fine soil particles Without contact with the 
soil, the seeds will not maintain adequate moisture for germination and early growth 

4) Prairie dog activities degrade the vegetation on the site The prairie dogs graze the 
new emerging seedlings and mow surrounding plants to maintain a visual defense 
against predators Even the tough Spanish Bayonet cactus (m) is not 
immune to their mowing 

5) Revegetation success is often related to topography Topography effects evaporation 
rates and thus available water for plant growth Warmer south facing slopes tend to 
have higher evaporation rates which deplete soil water more quickly Successfully 
revegetated areas at the site more often occur on nearly level to north-facing slopes 



while the less successful revegetation areas are more often on south-facing slopes 
6 ) Weeds dominate many areas on the site Weeds are very effective competitors for 

water and nutrients to the detriment of more desirable species Weed species 
currently provide much of the ground cover important to soil protection but more 
desirable grass species are needed for long term soil stability 

FNT PROGRAM 

The overall objective of remediation is to reduce plutonium concentration to below 0 9 pCVg by 
mixing the surface soil through tilling The resulting disturbed soil is then revegetated to 
stabilize the land surface and minimize resuspension Tilling the the alternate strips will not 
occur until the initial strips are successfully revegetated as directed by the Settlement 
Agreement 

The objective of the 1991 land management plan is to minimize soil resuspension while 
increasing revegetation success The most plausible health risk from the lands is due to 
inhalation of resuspended plutonium contaminated soil Therefore reducing soil resuspension 
minimizes the potential health risk from inhalation This section of the annual report first 
discusses weed management, prairie dog suppression and changing the grass seed mix, issues 
that effect all the remediation lands Secondly the management program outlines specific 
management units requiring more intensive activities 

WEED MANAGEMENT PROGRAM An ideal weed management program would utilue both 
mechanical mowing of weeds and herbicide applications Currently no herbicides are being used 
at RFP due to the possibility for surface water contamination This policy needs reevaluation 
considering the requirements of revegetation on the remedial action lands Rocky Flats hopes to 
resolve this issue and allow herbicide use on the actm lands before the 1991 growing season 
A weed management program that provides for timely weed management will be developed for 
the entire growing season Mowing operations and perhaps herbicide applications should be 
conducted at appropriate times during the growing season, based on the growth stages of the 
target weed species 

PRAIRIE DOG SUPPRESSION 
detriment of the revegetation effort Control methods such as chemical annihilation to passively 
discouraging expansion are technically feasible, the various options are being investigated 
Jefferson County Open Space manages land areas adjacent to the remedial action lands with large 
prairie dog populations A prairie dog control policy compatible with Open Space policy should 
be pursued before the upcoming season 

Prairie dogs currently impact the remedial action lands to the 

GRASS SEED MIX CHANGE The performance of the grass seed mix used in 1986 and 1988 can 
be improved with the additton of Blue grama Blue grama makes up a large percentage of the 
native vegetation and its strong drought resistance provides soil stability during poor moisture 
years As the revegetation effort is evaluated each year, changes to the seed mix will occur with 
increased knowledge The following table presents the proposed changes to the seed mix 



Grass seed mix proposed for 1991 

SDecles 
Western wheatgrass 
(Agropyron smit hii) 
Sideoats grama 
(Bouteloua curtipendula) 
Blue grama 
(Bouteloua gracilis) 
Pubescent wheatgrass 
(Agropyron trichophorum) 
Smooth brome 
(Bromus inermis) 

Varletv 
Arriba 

Vaughn 

Luna 

Li nco I n 

Percent of mix 
A s L J w  
4 0  4 0  

4 0  25 

0 1 5  

1 0  1 0  

1 0  1 0  

MANAGEMENT UNITS This management plan divldes the lands into management units based upon 
current revegetation success as reported by Gary Finstad of the Soil Conservation Service 
(letter 10/15/90) 
seedbed preparation, seeding and mulching 

This division considers the similarity of the cultural requirements of 

Management Units 

#1) 50% of the land considered successfully revegetated 

#2) 10-15% of the land considered marginal 

#3) Failure areas covered by rocks 

#4) Failure areas not covered by rocks 

Management Unit #1 These areas contain sufficient ground cover of perennial grasses to 
insure stability of the soil from wind and water erosion Areas considered successfully 
revegetated will be managed for weed control and praine dog suppression Enhancement of 
existing perennial vegetation will be the goal 

Management Unit #2 These areas contain grasses but not in sufftcient density to insure soil 
stabilization A weed management program will be initiated in the spring and continue through 
the summer and fall During late fall, this area will be seeded with the grass seed mixture using 
a rangeland drill The rangeland dnll will seed through the existing vegetatnre cover into the 
soil No seedbed preparation will be needed prior to seeding After seeding, areas requiring 
additional cover will be mulched with straw The straw will be held in place by crimping or 
applying a tackifying agent 

Management Unit #3 Units 3 and 4 failed to establish any seeded grass species 
covered by rocks brought to the surface during the initial tilling operations of 1986 (see 
Figure 2) The surface rocks prevent the seed drill from placing seed in contact with soil 
necessary for sustained growth These areas are not subject to wind or water erosion nor likely 

Unit 3 is 



to support sizable amounts of vegetative cover A weed management program will be started in 
the spring and grass seeding will be done in the fall 
hydroseeding technques will be used followed by a straw or hydroseed mulch 

As drill seeding is not practical, 

Management Unit #4 Unit 4 contains areas that failed to establish vegetation for reasons other 
than rocky surface soils (see page 2) These areas are potentially the most difficult to 
revegetate A weed management program will start in the spring followed by seeding a cover 
crop of forage sorghum During late fall, interseeding of the grass seed mix will occur within 
the standing sorghum If the sorghum cover does not supply sufficient protection, a mulch will 
be applied 

The following sequence of events are planned for the upcoming year 

Winter -Determine offsite herbicide policy with CDH 
-Meet with Open Space personnel on Prairie dog control 
-contract for weed control and revegetation activities 

Spring -Implement area wide weed response program and prairie dog controls 
-Seed sorghum in Management Unit #4 

Summer -Maintain weed response program 
-Monitor and evaluate land management plan 

Fall -Maintain weed management program 
-Drill seed with grass seed mix and mulch in Management Unit #2 and #4 
-Hydroseed and mulch in Management Unit #3 
-Evaluate overall land management plan 
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RADIOACTIVE AMBIENT AIR MONITORING DATA 
AVERAGE pCVcublc meter 

llsxmu 
s-3 7 
S-38 
S-52 
5-57 
s-50 

Y&%% 
1986 

JAN S.37 
FEB S-37  
M4R s-37 
APA 5.37 
MAY s-37 
JUN S-37 
JUL S-37 
AUG S-37 
SEP s - 3 7  
OCT s - 3 7  
Nov s - 3 7  
E s - 3 7  

1985 1986 
0 000008 0 000027 
0 000005 0 000003 
0.000002 0,000003 
0 000004 0 000003 
0 000002 0 000002 

pCI/CUBIC METER 
0 000007 
0 000002 
0,00004 1 
0,000003 
0,000006 
0 000031 
0 000231 
0,00001 7 
0 000003 
0.000003 
0,000004 
0,000001 

1987 
0 000007 
0 000005 
0,000003 
0 000002 
0 000003 

1988 
0 000010 
0.000006 
0.000003 
0 000001 
0.000004 
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Figure 1,  Locations of Onsite and Pcrimcter Ambient A i r  Sarilplers 
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COLORqDO DEP4RTUE,UT OF HLLLTH 

K4DIaTION CONTROL DIbISION 

ROCKY FLATS SLW4CE SOIL SURVEY 1970 - 1989 

The Colorado Department of Healt\ has conducted surfsce soil surveys r- the 
vicinity of the Rocky Flats plant since 1970 
t3e samole collection method eaci year from 1970 to 1975 These modifications 
Jere made zo enaole reliable comuarisons of the information t+at was collectea 
from ore year to the nevt The sands collectron method was standardized rn 
1975 and remained unchanged until 1989 

The attached m' shows how the area 13 tbe vicLriitv of Rocky Flats has been 
divided ixto sectors f o r  the surface soil survey Twenty-five samoles are 
collected 1'1 each sector and combined rqto a single comuosite 
sector samoles produces an average value f o r  t3e surface soil piutoniun 
contamination in the sector 

Yinor modifications wer5 made in 

0 

Comoositrng the 

DeDOSitrOn of airoome plutonim contzmination on rrregular terrain leaves some 
areas with slighly greater, or less, ContaminatLon chan would be evpecttd on a 
smooth surface 
composite samples are relatively unaffected by the local variations in 
concentration that are caused by irregular terrain 

The data provided by the annual surveys has l e d  t:, four important conclusions 

The average concentrations f o r  each sector that are measured in 

First, the concentration o f  plutoniun in the surface soil is highest in 
those sectors that are closest to the Rocky Flats plant, establisning the 
plant as the source or^ the plutonium contamination 

Second, the surface soil plutonium concentrat~ons are muc5 hrgher on the 
east side o f  the plant than they are on the best side This oattem is 
consistent with the prevailing wind pattern, L? which wind blows generally 
from west to east 

T\ird, in most cases surface soil contanination is the result of 
contaminant transport through the a i r  from the point of release to its 
destination on adjacent land The olutonium contamination in surface soil 
near the Rock7 Flats Plant therefore senes as a good indicator that 
plutonium is present in the air, o r  at least that it was present in the air 
at one time 
too low to measure 
Rocky Flats provides clear evidence that airborne plutonium has been 
csrrred offsite from the plant 

4Lthough the offsite concentration of airborne plutonium is 
the presence of plutonium on the ground downwind from 

Four th  the measured concentrations of plutonium in surface soil around 
Pock-7 Flats and elsewnere i? Colorado have falle? steadily since the 
survev began i? 1970 

I? the e s r l v  vears of t+e survey 
ground burcireds of miles awav from Yocuv Flats 
das so $reat that the contamlnatron could not Dossibly have originated from the 

plutonium contamination was found on the 
The distance from Rockv Flats a 

F1sts p l a n c  Tbe p l u t m u u m  that was fourd 1" these remote locatrons was 3 



Colorado Department or‘ Health 
$adration Control Division 
Rocicy Flats Surface Soil Survey 1970 - 1989 
result of worldwide fallout from open-air testing of nuclear devices 
concenrrations of plutonium could be found on the grourd at manv other locacions 
a l l  around the world 
of  the total plutonium contamination Ln surface soil near the Pockv Flats 
plart 

Similar 

Forldwide fallout has contributed only 3 small fraction 

Open-sir testing was discontinued bv all the major militarv powers o f  the world 
a f z e r  the signing of the Test Ban Treaty of 1964 
tie quantity of plutonium that was released into the atmospnere, and 
subseauently the rate of accumulation of plutonium in the envirgraent, was 
snarplv reduced The traces of plutonium that used to be present 1’1 surface soil 
have cissipaced in the environment over time Sy 1986, plutonir?m concentrations 
in most parts o f  Colorado, and elsewnere in the world, had falleq to a point 
wnere :hey were too low to measure bv any but the most SoDnisticzted 
technique s 

4s a result o f  tnat treaty, 

.bile the plant conti?ues to release some plutonium iqto t\a e?vironme?t, wipd 
ana water ergsion have sirnultaneous17? dispersec and diluted the glutonium thac 
a c c d a t e d  on the surface soil in t\e early days of the Dlant’s ooeration 
Peleases o f  plutonrum from the plant, based on U S 
roporcs, have declined since the plant firsc began operations :-i tne 1950s The 
quantities of plutonium that bave been released in recent years are no longer 
large enough to replace the plutonirun in the surface soil at a rats equal to the 
rate t5at weatberrng processes dissiDate plutonium in the envirmaent 
plutonium corcentrations in many areas near Rocky Flats were drfficdt o r  
impossible to aistingursh f r o m  the general patrsm of worldwiae fallout 

Department of Energy 

In 1986, 

Since the last surface s o i l  survey in 1986, the Departzent of Heal:? has 
acquired new analytical equipment that has e-iabled a LO-fold improvement in tie 
sensitivity of plutonium measurements hiere plutonium concentrations were too 
low to measure in the I986 survey, it may be Dossible to aetecr plutonium in 
sanoles that were collected i? 1989 from the same sectors The 1989 survey was 
furt-er enhanced by additional analvsis for DertLlium, radioaccive fission 
proauccs, americium-241, and specrf,c uraniun isotopes, in addrtion to 
Qlut 3nium 

From 1970 to 1986, field personnel used their best judgment to collect samoles 
in a more or less random patter? within each sector, vhrle at tbe same time 
seleczing samding points that would accurately characterize the average 
plutcnium concentration measurement for the sector In 1989, iie Department of 
Hedrh simolifred the process of selecting sampling locations by marhematlcalllr 
randomizing the sample collecrion points within sectors Field personnel went 
direcrly to predetermined locations and, once there 
collecc their samoles in a manner that would minimize the effect of irregular 
terrzin 
Tersornel do Tot inadvertencly bias the sample collection procedure in a w a v  
t5at dould drminisn the accuracy of the survey data 

selecced specific places t:, 

This modification to the samolrng prosram helps to assure thar field 

I? 1Q89, the Department of Health modified i t s  samoling strategy f o r  the first 
time since L975 The 1989 survey w i l l  still be comDarable to all Drevious 
sur*?e*’s chat t h e  Deparrmenr has conducced, datiqg back t3 1970 The purpose c f  
the mew modifications is to obtain more detailed information about the 
ConcmcracLon o f  QlUtOnlU ~n surface soil near the plant Seccors 1 and 2 have 
“ow men dLvided into nine subsectors Five samples are collecred Lqto a single 

Page 2 



Colorado Department of Pealth 
Radiation Control Division 
Rocky Flats Surface Soil Survey 1970 - 1989 
composite from each subsector 
eliminated from the samole collection plan for sectors 1 and 2 
collection plan for all other sectors remains unchanged 

The new sampling strategy will provide more detailed information about the 
direction that plutonium travels after it is released into the air from the 
Rocky Flats plant 
concentration of plutonium in surface soil close t o  the plant and the rate at 
wnicn the plutonium concentration drops with distance f rom the plant 

' 0 
A 25-sample composite for the entlre sector was 

The sample 

It will also provrde more detalled information about the 

Page 3 
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BOW FLATS PLANT SOIL CONTAMINATION INFOBMATION 

The first 3 pages is a summary of Colorado Department of Health 
(CDH) surface soil sampling and plutonium analysis results from 
1976 through 1986 Sampling was done on a random basis f o r  13 
sectors of land area near the R o c b  Flats Plant (map 1) and 8 
locations remote from the Tlant (samples ccntaining only  world- 
wide fallout) 

The n e x t  page contains the State of Colorado's Plutonium-In-Soil 
Standard (RB 4 351, which was adopted by the State Board of 
Health in 1973 and re-affirmed in 1976 No other officially 
promulgated plutonium in soil contamiuation standard e x i s t s  
nationally or internationally 

The second and third maps are those of the DOE'S predecessor 
agencies They identify inventory levels of plutonium based on 
depth samples Such a methodology identifies levels in excess of 
the State Plutonium-In-Soil Standad ( t h e  Standard) ( 2 
disintegrations per gram of soil or 0 a1 microcurie per square 
meter) much farther to the East of the P l a n t  than by the State 
soil sampling procedure used in adopting the Standard (the 
sampling procedure was based on information developed by the 
Colorado Committee on Environmental Information m 1970) 

The f o u r t h  map is rTDK information based on 13 sampling sectors 
near tbe Plant from undisturbed surface soil in 1971 (see tbe CDB 
historical data summary previously identifidj 

The fifth and sixth maps are those from the Don Chemical 
Company's annual environmental surveillance reports based on all 
soil data gathered by all investigators and used in 2 computer 
models (the 1971 map is based on a U S Ehvironmental Protection 
Agency (=A) depositional model used at the Nevada Test Site) 

0 

The last 3 maps indicate that the area in excess of the Standard 
1s n o t  as extensive as indicated in the DOE inventory maps 

The seventh map is from t h e  soil study ordered by U S. District 
Court  Judge Richard Matsch i n  the lawsuit, brought by land owners 
against the federal government and its contractors The data 
presented is based on the State sampling procdure.  The 
locations circled are those that nere in excess of the Standard 
The values to the South of the  Plant have been resampled and have 
been certified, in accord with the lawsuit settlement documents, 
as meeting the Standard. The State testified at the City of 
Arvada annexation hearings as t,o the Lertifications on these 
lands 

The last (eighth; map is representative of the remedial action 
done on a portion of tbe Jefferson County Open Space land having 
the highest off-site plutonium concentrations (17 disintegrations 
per gram of soil> Remediation is not comple%e at t h l s  time 
The preferred grass cuver i s  not up bo the expectations of the 
Plant and the Soil Conservation Ser-rice, who design& the 
remedial plan and wnich CDR approved 

The l u s t  page o f  bhis soil document contains 2 assessments, 1976 
and 1989 "he 1976 assessment was made on surne guesstimates and 
the then-f-urrent dose and risk models, wnile the 1989 assessment 
is made rm m o r e  definitive datd and convtrsivn 8SSU5PtlonS 
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U 4 34 N o t i f i c a t i o n s  and Reworts t o  I n d i v i d u a l s  

4-34.1 S e q u i r e m e n t s  f o r  n o t i f i c a t i o n  a n d  r e u o r t s  t o  i n d i v i d u a l s  o f  
e x D o s u r e  t o  r a d i a t i o n  or r a d i o a c c i v e  n a t e r i a l  a r e  s p e c i f i e d  
i n  RH 10.4 o f  these r e g u l a t i o n s  

4.34.2 When a l i c e n s e e  o r  r e g i s c r a n t  i s  r e q u i r e d  u u r s u a n t  t o  RH 
4.31  t o  report  t o  t h e  D e p a r t m e n t  a n y  e x p o s u r e  o f  an 
i n d i v i d u a l  t o  r a d i a t i o n  o r  r a d i o a c t i v e  material ,  t h e  
l i c e n s e e  o r  r e g i s t r a n t  s h a l l  a l s o  n o t i f y  t h e  i n d i v i d u a l  
S u c h  n o t i c e  s h a l l  b e  t r a n s m i t t e d  a t  a time n o t  l a t e r  t h a n  
the t r a n s m i t t a l  t o  t n e  D e p a r t m e n t ,  and s h a l l  c o m p l y  w i t h  
t h e  p r o v r s r o n s  o f  RH LO 4 of t h e s e  r e g u l a t i o n s .  

RH 4.35 ? e r m i s s r o l e  L e v e l s  o f  P a d l o a c t i v e  Hater ia l  i n  U n c o n t r o l l e d  Areas 

4.35.1 P l u t o n i u m .  C o n t a m i n a t i o n  o f  t h e  s o i l  in excess o f  2.0 
d i s i n t e g r a t i o a s  per m i n u t e  (a> o f  p l u t o n i u m  per gram o f  
d r y  s o i l  o r  s q u a r e  c e n t m e t e r  o f  s u r f a c e  area (0.01 
m i c r o c u r i e  p l u t o n r u m  per s q u a r e  meter [ 3 7 0  B q ] )  w r e s e n t s  a 
s u f f i c i e n t  h a z a r d  t o  t h e  p u b l i c  h e a l t h  t o  r e q u i r e  t h e  
a t i l i z a t i o n  or‘ s p e c i a l  t e c h n i q u e s  o f  c o n s t r u c t i o n  upon 
property  s o  c o n t a m i n a t e d .  
t e c h n i q u e s  snall be a v a i l a b l e  f r o m  t h e  D e p a r t m e n t  o f  “ e a l t h  
upon r e q u e s t  

Evaluation o f  p r o p o s e d  c o n t r o l  



*,,c Ut's olntunfun-239 contours a r c  f o r  mfllfcuries p a  square Ulamcter. n e s c  values 

This is'not uhat has been observed by C h C  

havc b c c n  coavcrted t o  d i s i n c e g r a r i o ~ s  p e r  rPLnutc p e r  gram of soil as if a l l  of t h e  plucmtum 
could be f a m d  io the top ccntimctcz o f  soil. 
AEC so thc v a l u e s  g i v e n  u y  b e  io crrm 00 the high r i d e .  
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PUTONIUM IN SOILS 
(DISINTEGRATIONS PER M I H U T ~ G R M  OF D R Y  SOIL) 
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